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‘Chapter 1 =. | 
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that testing could be conducted on a common basis by the various high © 
voltage .aboratories. This is a wave that rises from zero to crest 
-s«4n-'1.5 usee and then decays to half of the crest value in ho usees: od 
Such a wave is shown in Figure 1.1. It should be emphasized that the ss, 
1.5 x 40 wave is not an actual lightning wave. It is merely a repre-~ : 
sentative wave which is probably a bit more severe than the average — 
voltage wave set up by lightning. Oe ee 


-\ MAGNITUDE 


y = The magnitude of the voltage wave depends upon the magnitude © = 4 
and rate of rise of the lightning current, as well as upon the effec- = — 
tive impedance between the line and ground.3 Field investigations eae 
‘have shown that the current in lightning strokes may be as low as the | 
- = order of 102 or as high as the order of 107 amperes and that rates of 
- eurrent change may be as high as 40,000 amperes per microsecond, with _ 
a probably average of 4,500 amperes per microsecond. From these data — 
 4t is estimated that lightning wo Lipees will range between some small 
-. -yalue (say 102) and the order of 104 kilovolts.4 In short, the magni- 
tude of the voltage wave is unpredictable and may be anything from 10° | 
to 10° kilovolts. 8 ee 


SINT SPIE VE IS DOR TEC, RIES BI EOE cea 


os. The magnitude of voltage that can reach apparatus connected to 
a transmission line will be limited by the volt-time flashover charac- ~~ 
teristics of the line insulation or the entrance bushing of the appara- 
tus. Voltage waves having a magnitude less than the critical flash- | 
over voltage value of the line insulation or the entrance bushing will ==) 
- peach the apparatus as "full waves". Waves having magnitudes slightly | 
higher than the critical flashover value will be "chopped off" at or. | 
beyond the crest; the wave reaching the apparatus will be a " chopped — 
— wavett. Magnitudes greatly in excess of the eritical flashover value 
| will be "chopped off" on the front of the wave before the crest is eg 
attained; the wave reaching the apparatus will be a "steep-front wave", | 
providing the point of lightning stroke contact 1s not so Gistant that 
the wave is greatly attenuated by the time it reaches the apparatus. = 


 PESTING WAVES 
e The first two conditions are applied to the standard 1.5 x NO oe 
‘@ wave to form the standard commercial impulse test. Referring to Figure 
 ]@ 1.2, wave (1) is a 1.5 x 40 full wave, the amplitude of which is such. | 
that the wave would not cause flashover of the line insulation or — Oe 
_. .. entrance bushing used with the particular voltage class of apparatus | 
under consideration. Such voltage amplitudes have been standardized 
for all the common voltage classes. In the same figure, wave (2) is 
a typical chopped wave, the amplitude of which is. approximately 15 a 
- pereent higher than the full wave. In general, this voltage would 
 gause flashover of the line insulation or entrance pushing, thus pro- 
ducing the "chop-off" on the tail. oe Oe 


@ 3 & ¥ See items 3 & 4 in bibliography at end of chapter. 
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ee The third condition F feep-front) gives rise toa somewhat. 
D spectal test. This is the steep-front wave shown by wave (3) of 
-. Figure 1.2. Such a wave is roughly 60 percent higher than the full 
wave but of very short duration. The operating practices of some as 
utilities make such a test desirable. For example, in the case where © 
-- @ substation is not protected with lightning arresters or other pro=- 9 
- tective devices, steep-front waves of relatively high amplitudes can — 
--.... be expected to reach the apparatus when lightning strikes the line 
~~ near or at the apparatus. Even if "spill" gaps are used to reduce Le a 
( )— the flashover voltage of the entrance bushings, waves of coer ee ee 
- @P higher amplitude, but of much shorter duration than the chopped and —s_| 
full waves, will occur. In view of the fact that such operating ee 
practices, apparently justifiable from an economic point of view Be 
where continuity of service is not a predominant factor, permit the |. 
appearance of steep-front waves at the terminals of the apparatus, a 
the application of a steep-front test is logical. That is, the (oe 
apparatus should be capable of withstanding the stresses arising from 
such waves. On the other hand, when adequate and reliable mdecdepdrtir 
4s afforded by the use of lightning arresters, steep-front waves of. 
such high amplitudes cannot occur and the application of a Bteep-front 
p test is not warranted. | | os 
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Pe The actual values of the. sOltaces and ‘times for ‘the. various Ce 
oe. eeutation classes will be dealt with in a later chapter. 
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CHAPTER 2 


THE LABORATORY IMPULSE CIRCUIT 


In Chapter 1 the standardization of an impulse test wave, 
the 1.5 x 40 wave, and the relation of this wave to natural 
lightning voltage surges were discussed. The present chapter 
will explain how such an impulse wave is produced in the 
laboratory. 


The impulse test is fundamentally the discharge of a capa- 
citor into a test piece. By the use of a series resistance be- 
tween the capacitor and the test piece, and a resistance and 
capacitor each in parallel with the test piece, the wave shape 
of the ensuing voltage transient is made to conform to the 
1.5 x 40 wave, , 


The typical impulse circuit with the test piece omitted is 
shown in Figure 2.1. The impulse generator proper is repre- 
sented by a capacitor (Cg), and inductance (Ls), and a spark | 
gap (G). In most practical cases there are actually many capa- 
citors which are connected in series by the sparkover of many 
spark gaps. This is discussed under The Impulse Generator, 
Chapter 3. For the purpose of circuit analysis it is convenient 
to let one capacitor (Cg) represent the total series capacitance 
of the generator and one inductance (L,) the total series induc- 
tance. The remainder of the circuit serves to establish the 
wave shape and in the case of the resistance voltage divider (Rg) 
also to provide a reduction ratio so that the impulse wave can 
be recorded by a cathode ray oscillograph, | 


After the impulse generator capacitance (Cg) has been 
charged to some predetermined voltage, the series gap (G) is 
made to spark over, thus causing the impulse generator to dis- 
charge into the rest of the circuit, The output voltage (volt- 
age across Rg) rises until the load capacitance and impulse 
generator capacitance are essentially at the same voltage, This 
is the crest voltage and the portion of the wave up to this 
point is called the wave front. Beyond the crest the impulse 
generator and the loac capacitor. act in parallel and discharge 
through the series resistance and voltage divider resistance, 
This portion of the wave is called the wave tail, 


Wave Front and Crest 


The wave front is affected by the load capacitance (Cy), 
the series resistance (R,), the self-inductance (L,), and the 
impulse generator capacitance (Cy) which form the circuit shown 
in Figure 2.2. 


~~ Chapter 2 


The function of the series resistance is primarily to pre- 
vent oscillations on the crest. If series resistance is omitted 
from the circuit, an oscillation takes place between the self- 
inductance of the circuit (chiefly the inherent self-inductance 
(Lg) of the impulse generator) and the series capacitance of the 
circuit. This oscillation is shown in Figure 2.3, wave (a). 

The period of the oscillation is 


T=2 7 LO (a) 
where Cae! Ge Ce 


As series resistance is added to the circuit, the magnitude and 
duration of this oscillation,are reduced as shown by wave (b) 
of Figure 2.3. When the series resistance has the value 


the condition of critical damping is reached so that no oscil- 
ations occur (wave (¢c), Figure 2.3). It is evident that up 

to this point the time at which the crest of the wave occurs 
has: remained essentially constant, Further, increase in the. 
value of the series resistance slopes off the front and in- 
creases the time to crest (length of front )--wave (d), 

Figure 2.3, 


A requirement of the standard 1.5 x 40 usec wave is that hive 
should have a smooth crest, It is obvious then that the 
circuit should be critically or more than critically damped so 
that waves like (c) and (d) of Figure 2.3 are obtained, There- 
fore, for 1, 2 x 40 usec impulse work 


R, 72 — | (2) 


When the circuit is critically or more than critically 
damped, the time to reach crest is a function of the series 
resistance and series capacitance, the product of which gives 
the time constant of the circuit (Tg) as follows: 


ram TS if 
vad SRE 


Aa = RgG 
where G= Gy, x Cg 


ba 
we 


age: | Chapter 2 


Experimentally, it has been found that the time to reach crest 
is approximately equal to 3 times the time constant or 


Front ime ZF 3 RG Ve (3) 
(usec) (ohms ) (ut) 


These expressions are illustrated in Figure 2.4. 


The constant, 3, is associated with the 40 psee tail. If 
a longer tail were used the front of the wave would merge with 
or blend into the tail at a longer time so that the constant 
would be greater than 3. If a shorter tail were used the 
front and tail would merge sooner and the constant would be 
fega than 3. Inis is in Figure <.5.. : 


In practice, the load capacitance (Cy,) is usually small 
compared to the impulse generator capacitance (C,) (from 1% 


to 10% of Cg) so that the expression for time to crest 


becomes 


Front = | é 
Time 3 A. CL (4) 


Crest Voltage -- Regulation 


The crest voltage attained by a 1.5 x 40 psec wave (with 
oscillations at erest damped) is lower than the voltage to 
which the generator was originally charged. The reduction is 
caused by the regulation of the impulse circuit, 


The regulation can be separated into two factors -=- One 
capacitive, the other resistive. The capacitive regulation 
results from the fact that in charging the load capacitance, 
the impulse generator loses some of its charge, The generator 
voltage is reduced so that 


eg = Cg ~ . xe (5) 


Cg + Gy, 
where E, is the voltage to which the generator was charged 
initially and eg is the generator voltage ‘at time of crest. 


ie | Chapter 2 


The resistive regulation results from the voltage drop 
across the series resistance which was neglected in the pre- 
ceding consideration, At crest the load capacitance is fully 
charged, The only current flowing is that which is drawn by 
the divider resistance. Since this current flows through the 
series resistance, the voltage at the divider (output voltage) 
will be 


e = Ra 
Output Rg a Rg 2 Sy 


Substituting for eg from equation (5) 


G 
e = i x ae ee xX Eo 
Output Ro oR. Go * ML 
or 
Regulation = © Output = Ra x g (6) 
Eo Rg + Bg Cy + Cy, 


This equation is not precise, However, for. most of the 
circuits encountered in 1.5 x 40 pwsec impulse work it gives a 
very close approximation (not more than 1% error). 


Wave Tail 


: After the wave has reached crest the impulse generator and 

load capacitances discharge into the divider resistance, Since. 
the load capacitance is usually small compared to the generator 
capacitance and the series resistance small compared to the 
divider resistance, the load capacitance can be considered as 
being connected in parallel with the generator capacitance as 
shown in Figure 2.6, From an analysis of the exponential decay 
the time required for the output voltage to reach half value 
(from the start of the wave) is given by 


T = 0.7 (Rg +R) (Cg + Cy) A”) 


fac 
in which expression (Rg + R,) (Cg + Cz) is the time constant of 


‘the discharge circuit, Because, as stated before, Rg and CL are 


small, the time to half value (length of tail) can be expressed 
approximately as 


Time ~ 0.97 


mm Chapter 2 


us the voltage divider resistance and the impulse generator 
capacitance are the major factors determini the length of 
the tail, 


At times another resistor is connected in the circuit be- 
tween the generator side of the series resistance and ground. 
This resistor is denoted as Rg. It gives additional control 
of the wave tail without causing any change in the regulation 
since the current which it draws does not flow through the 
series resistance, The expression for time to half value’ 
when this resistor is included in the circuit is 


Time Tail 


and the regulation is the same as equation 6. 


For further study of the impulse circuit, the reader. is- 
referred to items 1 and 2 of the bibliography below, 


BIBLIOGRAPHY 


1. Characteristics of Surge Generators for Transformer Testing, 
P, L, Bellaschi, Transactions ATEE, December 1932. 
(In big Lightning reference book) 


2.  <dmpulse Generator Circuit Formulas, J,L.Thomason, Trans=- 
actions AIEE, January, 1934. 
(In big Lightning reference book) 


Ra 
To Test Piece 
4 
& Figure 2.1 
CG, - Impulse Generator Capacitance aS ( Ic nr.ea “ : 
L, - Impulse Generator Self-Inductance 
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G - Series Spark Gap 


R, - Series Resistance 


Cy = Load Capacitance 


Ra - Resistance Voltage Divider (Load Resistance) 
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Figure 2.2 
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Figure 2,3 


Front = 3 RgG 


Figure 2.4 
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(Revised) R.M.Griffing(9/16/47) 
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CHAPTER 3 
APPARATUS OF THE IMPULSE CIRCULT 


i rs In Chapter 2 it was shown how laboratory impulse waves are 
-_-_ produced by discharging a capacitor bank into a wave shaping 
 etireuit. This chapter will tell about the equipment and methods 

for charging a capacitor bank and how, by means of a Marx circuit, | 
- very high discharge voltages can be obtained with much. lower 
Charging voltages. The methods for Measuring supuaye yee vaec® 
: are given in Chapter ee | 


pen ones 


CHARGING CIRCUITS 


ee Impulse generator panks are almost always charged by recti- eee 
fied a-c and those in Bldg. 9 do so using step-up transformers with | 
 eutputs in the order of 30-100 kv-rms High vacuum rectifiers or | 
~. kenotrons are used to convert to direct current*. The most fre- 
- quently used kenotron is the G.E., Type GL5625/KC-4 or its Machlett 
equivalent Type ML-100. These have a filament rating of 20 volts 
and 24.5 amp. and have a rated peak emission of 1 amp. mney wart Le ed 
| a weveetand a. peak invevse -voltage of 150 kv. | ae 


A typical filament supply circuit ig shown in ei pure 3. la. ae eet 

- The cold filament resistance is about 10% of the operating resistance ead 
. and excessive inrush currents tend to shorten the tube life if full. = || 
-- voltage is applied at the start. The combination of shunt power- ce 
stat and bucking transformer permit a reduced starting voltage which, jf 
- with the inherent impedance of the supply and transformers, keeps  —— | 

- the inrush to a safe level. After the kenotrons warm up,the power- = | 
ss gtat is adjusted to the indicated operating level which amounts ‘0 Ce 
20 volts at the filament terminals. | a 


3 tn subsequent diagrams, filament gupplies and one Pi tament : 
terminal are omitted for simplicity, but the circuit of Figure 3. la 
or its: equivalent is implied. Also implied are an induction ee 
i ae regulator ahead of the terminals SS to adjust the charging voltage | 
and a reversing means so that either polarity d-c can be supplied 
- to the capacitor banks. This is done by interchanging the plate. 
and filament connections for a single kenotron or the output ter- — 
ones of more complicated rectifier ee ce 


@ * Solid state rectifiers have now reached the state where they can 
-... peplace kenotrons and eliminate filament transformers but the over= | 
all cost is comparable and there is no porns in changing our ee 

ee existing installations. : 7 a 


ge coe If only negative polarity is needed, the heversing neane and at 

.- least one insulating transformer can be omitted,as in sucha 

_.. eirecuit one filament can be operated at ground potential. How- | 
—.. evew, 411 Bldg. 9 Ciroulte are reversible ne all Aeecltt s 

oe sree reere are ingulated. 2 | : 
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toy ae 


oo. Fagure 3.1b shows the simplest charging circuit. It is called 43: 4 
a "Half Wave" rectifier because d-c current flows into the capacitor {| | 
lternate half waves. If E is the rms. value of the |. | 

r transformer, the nee will ulti- ee ol 
) E. The relative ee 
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Csi ST ef2 B.. Hence the charge voltage cannot exceed 50% of the kenotron sid, 
peak inverse voltage rating, or 75 kv for KC-4 tubes. na ee re 


ss Figure 3.1c shows a "Voltage Doubler" which will five twice = = =f 
i’ the charging voltage for the same transformer output voltage. It. 702] 
 pequires a two bushing transformer and an accessible midpoint of the = J 
-. gapacitor bank. It is equivalent in operation to two “Half Wave™ ee 
 gircuits in series without the need for two transformers. The ee 
total charge voltage can be as high.as the kenotron peak inverse = | 
 yoltage rating or 150 kv for KC-4 tubes. ee 


eee Figure 3.1d shows a conventional "Bridge" rectifier circuit. <It = 34 
4g about equivalent to two doubler circuits with the supply trans- ee ee 
. formers in series and the kenotron outputs in parallel. The total | 
voltage can be as high as the kenotron peak inverse voltage, and, | 
as two of the kenotrons are always conducting, the capacitor will 
-. eharge up to the same voltage as with the doubler but in half the oe 
Veoceos, Sime. (When comparing Figures 3.le and 3.1d,7keep in mind that the | 
transformer voltage E in 3.1d is twice that of E in 3.lec so that to 
 . cut the charging time in half, requires twice as much charging §-:- |... 
"voltage and twice as many kenotrons.) Figure 3.le shows a "Double = 
oe Bridge". It consists of two bridge circuits in series with a ground | 
7 dn the middle and a balanced output is obtained, each one being © | 
equal to the single ended output of Figure 3.1d. \ ed 


ee Other types of circuits are possible and are discussed in 
ooo most electronic texts but are not being used in Bldg. 9 at the oS 
present. | | ee ee 


Reo S Only Area 14 (High Current Generator) uses one of the simple = + 
ss gircuits for both charge and discharge. It uses the bridge circuit = 
2) =. of Figure 3.14 and the maximum voltage of the generator is 150 kv se 9 
‘> Other details for this generator are found in the Area 14 Operating = 
 “@ Instructions. e ee : es Ao 
ee | , 7 oo 
ee Occasionally there is confusion about the polarity of charge. ©. | 
0 Referring to Figure 3.1d, one side of the supply transformer igs at 
ground potential and the other side fluctuates between + and 72 EB 
kw. «=6When E is positive no current can flow, but when it is negative, | 
= @1leetPene fiew from the filament to the plate and continue on to  =— 
-.  eharge up the capacitor C to a negative voltage which remains there, =| 
wooo, and Ls 4nereased on subsequent negative half cycles to an ultimate Se 
im © yeiee of -/2 E. The same relations hold for other charging circuits = | 
: and the negative side of the capacitor is always the side receiving 
f th ater ee 


current rom e kenotron pl 
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HE MARX CIRCUIT. 


The Marx circuit shown in Figure 3.2 consists eenentiaily of 


Eee »Cnbennencn of capacitors, resistors, and gaps. The principle | 
of this generator is simple, A number of capacitors (n) are | 
=. Charged ( : a 
4d series throu ‘ number of gaps as shown in Figure 3.2. The | 
output voltage (EZ) of the generator (neglecting oscillations) 168 - 


in parallel) to a d-c voltage (e) and then discharged 


TE Stemrymapeae oem 


equal to the produc’ of the charging voltage and the number of ee 


— @apacttors (E « racy “ne ‘e). 


In detail, the operation is as follows: 


| Theory of Operation 


S | The capacitors C1, ee sees Cy (Figure 3. 2) are charged ae 
oes, An. ‘parallel through the charging resistors, Ro, R 1, etc., by : 
means of a rectifier set such as one of those shown in Figure | 
3. 1, The charging resistors have two functions: 


Lee eee (1) To limit the initial charging current drawn be the capa 
cttore to a value that is safe for the kenotron tubes in the 
2 xeotifier set. 3 


(2) To provide a means for charging the ehndaitese ane yet. 


to drain a negligible amount of charge from the capacitors during ee) 
—.-- the discharge period. As will be seen later, two of these resistors — 
sare connected across each capacitor when the ‘geneerator is dis- 3.2 

~ Charged. The rate at which these resistors: will drain the charge — 
ae from the capacitor is indicated by the time constant - the product | i 


of the capacitance and resistance values. For example, if each. 


 cametter were 0.5 uf. and enon esistor 30,000 ohms, ay aaa 


berg 


me "39000 x 0. 5 x 10-6 seconds - 


= 7500 microseconds (usec. ) 


eS ome. usual discharge period of the Sineertor is that of a1l.5x hae 


usec. wave. Obviously, this is very short compared to the eos 


constant of 7500 usec. and the loss of charge through the parting © 
—.. - pesistors is negligible. On the other hand, if the charging. : 


| - -vresistor: were very small - approaching zero resistance - they 


would fo.m a short circuit across the capacitors during the dis- 


. _ shearer period and the impulse generator would not function. 


At the end of the charge period, all the capacitors have thear a 


left terminals at zero potential and the right terminals of a 
| potential of - (e) which is equal to the output voltage of the — 


 -vectifier set. The lower gaps Gj] and Go are set to spark over at 


a voltage slightly higher than (e). ‘The remaining gaps can be set a 


 eontrolled s 


- @t a little Porecee spacing. In actual practice all gaps are = 
a a multaneously and must be adjusted to correspond to the. Tae NC 
Charging. voltage (e ). f, by means described later, Gj is caused ae 
_ (to spark, point 2 almost instantly drops from -({e,) to zero potential 7 
 @ and, since thie charge on G cannot change rapidly, point 1. as 

oo SUNT aneotaty a neee from zero to +(e) selacbiarr ah a 


- gpposite polarity from the original charging voltage. The foregoing —_ | 


-4- 


Point 4 starts to follow point 2 to zero potential, but it does — ea 
go at a comparatively slow rate as the stray capacitance to ground Ey 
Ca, must discharge through Ra. Hence gap Go is subjected to a Aes : 
potential of almost 2e and quickly sparks. This becomes a chain ad 
- peaction and all the gaps spark over and the capacitors are connected | 

4n series with a voltage of +n (e) appearing at the left terminal | oe 


of Cy. It should be noted that the discharge voltage is of the 
explanation aid Figure 3.2 are over simplified. | 


The capacitance aertism: the gaps and inductance of the circuit 


modify conditions somewhat, However, it is well established that (tS 
.° @4reuits such as shown in Figure 3.2 operate satisfactorily to ae : 
@ =~*produce extremely high voltages with moderate charging voltages. © 


The circuit of Figure 3.2 is the one used mostly in Bldg. 9° | 


but a similar circuit would work with G 1 omitted and the ground 


- pemoved from point O and placed at point:2. Then a means has to 


be supplied to cause Go to spark. The chain reaction takes place 


2 as before but there is no reversal of polarity. a | ae 


| ‘The output voltage as previously discussed is 


 @ 4s the d-c charging voltage. 


Figure 3.2 it would be 


The resistors Rg shown in Figure 3.2 are really part oe the 


total Rg of the discharge circuit described in Chapter 2. They ee 
h | | 


are in oa 
oscillations on the discharge wave. In the range of resistance used | 


e range of (15-45) ohms per stage and are used to minimize 


they do not have any appreciable affect on the mechanism of the 
Marx circuit sparking... .. ae i 


b. Generator Capacitance and Voltage Output 


The capacitance of the impulse generator is equal to the  ——— 


capacitance of all the e&pacitors connected in Beries. For 


- the generator capacitince equals 


ai C) 


tL | oe - fee Ae 
ae 
= 


E=n’e \ where 


eg 


voltages and capacitances may 
re usually arranged so that any |. 
used. For further flexibility, |... 


In order that a wide range of 


-. be available, impulse generators a 
- number of banks from 1 to n can be 
facilities are often provided to a 
- eonnected in parallel or series. 
- - eonnéctions and the resulting capa ee ae 
The parallel connection is accomplished by placing 4 short-circuit 


 aeross the appropriate charging re 
idle gaps. The latter precaution 


short circuiting of a capacitor should an idlé gap (assuming it 


was not disconnected ) spark over b 
 ... existing during the firing process 


(accomplished py removing half of the resistor "sticks" in each oe 
‘@ rack of charging resistors and making the connections shown in § = 
- Figure 3.3c. Also, the appropriat ce 


This series connection is not easi 


ge vee and is used only in those 


Whe illustrations shown in Figure 3.3 deal with two banks. 


An parallel or series. The same t 
_. for three or more banks. = 


Any means, mechanical or elec 


trip the Marx circuit and cause al 


_ means are used in Bldg. 9 as only 


_ |) types of structures are used in place of the simple G] of Figure 3.2. 


‘, 
be 


In the three ball trip me 


The Three Ball Gap (See Figures 3.4a and 3.4b) 


lLlow two or more banks to be 
Figure 3.3 illustrates these |: 
citances and output voltages. = 


sistors and disconnecting the == 
4s necessary to prevent the = | 


ecause of the oscillations © 
. The series connection 1S 


e gaps are short circuited. =. 
ly made from a practical point 
rare cases where the impulse ae 


generator capacitance must be kept constant throughout a test which 
requires large variations in output voltage - of the order of pee ees 
— .100:1 or more. — ae : | 


ype of connections can be made dae 


coer 


trical, which will cause point 2. ae 


(Figure 3.2) to go to zero potential, will serve to initiate or 


1 gaps to spark. Electrical 
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ae they will permit proper synchro- 
nization of the oscillograph sweep and the impulse record. Two ee 


thod, G] is replaced by two gaps 


© ou and Gp of equal spacing (in many cases, four balls are used. 
for convenience in spacing adjustment, and two are electrically 
at same potential). The middle el 


ectrode is kept at 6 potential oe 


by connection to the midpoint at C,, if available, or by means of 


(a_ Rp» which are usually of the order 


| humid weather and upset the suppos 
oe Gaps Sia and Gjp are set at a spac 
ae 


the. other (depending upon relative - 


en a trip pulse is applied 


—- - 8.4a and a negative trip pulse, the middle ball is made more © ee 


negative and @), sparks. This put 


potential and Glip sparks. 


| 


. a resistance divider composed of two equal high resistances Rag and 
oe of 100 megohms to keep down the =. 
Ww leakage load on the rectifier. This method is not quite as satis- 

factory as the resistors may change or develop parallel leakage in | 


edly equal voltage division. 
ing to stand off a voltage of 


to the middle electrode, one or 
polarities) of the gaps will 


rator polarity shown in Figure 


s the middle ball at ground i (asttst—t— 


fol 


Then gaps Go etc. spark as described in the previous section. = 


oe 


n 


bp. The Trigatron Trip 


Figure 3.4c shows a modified sphere gap, or trigatron, 


~ go called because it can be used to trigger or trip a spark. 


ss trdgatron can be used 
--3.4a or b. No connection to mid potential point is ae 
ss Phe trip pulse sparks the annular pilot gap and 50 Gister te ene ee 
-——s—s« Feld in the main gap that it will spark at a voltage considerably = 
| « Jower than prior to the trip application. This type of trip 18 
 -ysed in Areas h and"7. It also jhas been found that trigatrons |. 
> . in place of Gp and G3 of Figure 3.2 make a faster discharge and 
@m more consistent timing of the resultant impulse wave. TrigatronS | 
are so used on both high and low bay impulse generators. Consider ees. 


to replace the gaps Gla and Sip AS es aie 
equired. 


gap Go of 3.4a replaced by the trigatron with trip pulse and 


_-—s ERIP_GENERATORS 


co 2 ground connections omitted. When gap Gj fires the pilot electrode | 
jumps from zero to te but the surrounding spheres must charge up ee 
sss itts capacitance to ground through resistor R (approx. 100,000 ohms) 
go the drop on R sparks the pilot gap and causes a more yapid (35 ees 
pies and consistent sparkover of the main gap replacing Go. — 


In Chapter 6 it is shown how the cathode-ray oscillograph 


—-  gends out trip pulse coordinated with the CRO sweep. This pulse 


«4g sent by cable to the trip sets which consist of a five stage 


miniature impulse generators complete with power supply (about. 
gag i4 kv) and a hydrogen thyratron for the first gap. The oscillo- 
@ ~~ graph trip pulse is applied to the thyratron grid and causes it 
to fire and set off the remaining gaps just as explained in the ee 
preceding section (The Marx Circuit and Figure 3.2). The resultant ee 


trip pulse of about 70 kv is applied through an isolating impedance 


: (capacitor and resistor) to the trip electrodes of Figure 3.4. : 


ss Details of the trip generators are found in the Equipment Instruction _f 
0 Bales. ee i 


: Special Impulse Generators oe eas - 


es ‘The foregoing material applies to the types of impulse generators 

most widely used in Bldg. 9- More specialized types such as the es 
200 kv generator in Area 8 and the high current generator in Area 14” 
om are described in detail in the area books. : a Sila ae 


IMPULSE GENERATOR CONTROL oe ave 


Mil Bldg. 9 impulse generators use a motor operated inductrol 


(induction voltage regulators) with which to vary the input voltage 

to the rectifier transformer. eG 
_.... d=e charging voltage (kv per bank) will be proportional to the = 
- anduetrol output voltage and the kv per bank meters are actually «| 


With a fixed time of charge, the. 


 measuning the awe induetrel veitage Output. The charging time is 


ae 
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"proportional to the capacitance load on the rectifier but it is the | 
practice to use a 30 second charge for all generators. This is more -._._ | 
-.. than needed for the low bay generators but ‘no time is lost as a 
experience has shown that this amount of time is needed for other = 

> oeprations that are done during the charge period. OE ee ae 


ee he a - 


+ The Marx Circuit gaps are adjusted by a reversible motor for [| . | 
—- _ each changé in charge voltage. A remote indicator on the control | | 
- panel is calibrated in kv per bank. In all areas (except 7 and O) 8 | 
the indicating meter 1s a d-c voltmeter connected to the output. a 
of a potentiometer whose output is gear connected to the shaft = = = 
which charges the gap spacing. The potentiometer supply voltage 
4g a constant voltage regulator located in the area power panel and | 
its output should be adjusted to the indicated mark when the Se ay 
filaments are turned on. In Area 7 the gap position indicator = | 
4s an a-c meter whose current is varied by a variable reluctance 
device directly connected to the gap shaft. This is a more rugged 
> method and if trouble develops in other areas the variable ee ee, 
“gm reluctance scheme will be put in there when necessary. Area8 =  — | 
operation is written up in the Area Book. : ee 
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| -Polarities can be reversed by sbvending a 
eer ecttone at XX. Resistor R may be : 
«omitted at ground points in some cases, Xx: oe 
98 pointe go to aoreat of induction | | ORO eae 
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_ Resistance dividers are ‘composed of two essentially non-inductive resistors 


in series; a high voltage arm (Rp) and a low voltage arm (Ri). The low voltage 
arm is connected to the oscilloscope through a coaxial deflection cable which 
is terminated at the oscilloscope by a resistor equal in magnitude to the surge 


_ impedance of the cable, oe 4.1 shows a typical circuit. The divider ratio. | 


ig 


Input Voltage a eetion® SD age (1) 
Cable Voltage a 7 ae ee | 


| where AR, is the Denellel resistance of the Ry resistor and the deflection cable | 


teminatine ec Ra 


a o. : ey 
” Riv Re es | oe 


The terminating resistor Rz is provided for two reasons, First, it prevents 


reflections of travelling waves in the deflection cable. Second, it may be 
provided with taps so that any desired fraction of the cable voltage may be ~ 
applied to the deflecting plates of the oscillograph cathode ray tube. If. the 
terminating resistor is Bovine with taps, the overall ‘divider system ratio is 


+ 1] x tap ratio — Cee i 
tes Ratio = oo |e At ap atio ee (3) 


| T Rati s sable volta & _=R, 1 : 
ne ious sa  Defl. plate voltage | | i (4) 


where 


y ip = resistance from tap to ground . 


For general impulse testing it has been found convenient to provide a 
series of R] resistance values such that the divider ratio may be varied in 
approximately 2:1 steps. The terminating resistor Rt is generally provided 


with taps which change the voltage in approximately 10% steps over slightly : : 


more than a 2:1 PAnEe ae ; Es es any ratio desired can be readily 
obtained, : ols 


The terminating resistance (R,) of many of the oseillographs is slightly 


more complex than that described above and is shown in Figure 4. 2 arong:* with | 
we equations for Rz and tap ratio, , 


“Phe patios » which are calculated by equations 1-4, are based on the DG 
resistance of the Rp, the:Ri resistors and the resistors comprising the termi- he 
nating resistor Rg. These resistances are measured with the Wheatstone Bridge 
(L&N set) and the values recorded on sheets provided for this purpose, These 


resistors should be checked from time to time to be sure none have been burned 


Lares too : 
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out or otherwise damaged, A continuity check is not satisfactory ; the resistance 
must be measured, The resistors contain two strands of wire in parallel, but 
wound in opposite directions. One strand could break or be burned out and the 
resistor would still show continuity, but the resistance would be twice as high © 
as it should be. 


The connection between the high woltece arm and the low voltage arm should 
always be kept as short as possible, If the lead can be shortened by half of 
an inch, it is wise to take the time to shorten it, The reason is that these 
leads form a loop which is in the magnetic field of the generator, Any voltages 
induced in this loop are not divided down in amplitude by the divider, but 
appear as hash and oscillations on the measured voltage oscillograms, 


The ratio of a resistance divider is determined by measuring the resistances 


of the components with a Wheatstone Bridge and calculating the ratio by the 
formulas which have been presented, When measuring slow impulse waves the ratio 


Ze 


for impulses is equal to the DC ratio, With the types of dividers normally used — 


in the High Voltage Laboratory, this usually applies to full waves (1. 2 x 40 
usec.) and waves chopped after crest. When measuring fast waves or waves chopped 
on the front (SF waves) the ratio for impulses may be different from the DC ratio, 
To see why this should be so, refer to Figure 4.3 which shows a divider and such 


sources of error as stray capacitance to ground, residual inductance of the 


resistors, and line lead inductance, The most important source of error is the 


stray capacitance to ground. 


This capacitance, (,, must be charged up through the resistance R of the 
divider, If the voltage applied to the divider were to jump abruptly, the output 
current at the bottom end of the divider could not build up immediately, Neglect- 
ing the effect of inductances in the divider system, if a step function of voltage 
were applied to the divider input, the output current would have approximately 
the shape of Figure 4.4, Curve 1. If there were no inductance in the Rj) or the 
terminating resistors, the output voltage would have the same shape, This is a 


generalized curve; if either the resistance or capacitance were doubled the curve 


would have the same shape, but take twice as long to-reach a given voltage. 


The time required for the wave to rise from 10% to 90% of its final value 
is defined as the rise time ty. The rise time of a divider system is measured 
between the 10% and 90% points. (The rise time should not be confused with the 
front time of standard impulse waves, which is based on the time between the 302 


and 90% points), This is seen to be 


tr = 0.24 RC where 
R = the total divider resistance Se 05) 
¢C Te total divider capacitance (See Figure 4.2). | 


5000 ohms and a total panacivane to ground of 53 ppfd, The rise time would 
then be | | 


ty = 0.24 x 5000 ohms x 53 x 1076 ura. = 0.064 us (6) 


A divider composed of (20) 250 ohms cards would then have a total resistance of 


An actual divider or an actual * esistor, even the "non-inductive" type, 


will contain a certain amount of induetence, This has the effect of making the 

response follow a path similar to Curve - of Figure 4.4. The actual shape 

depends on the relative amounts of resistance, inductance, and capacitance. In 

general, however, the effect of a moderate amount of induetance is to decrease 

the rise time of a divider and make it less than that given by equation (5). 

_ Equation (5) still provides a good estimate of the maximum rise time a res sistance 
divider is ENS to have. | 


| When measuring actual waves the rise time of the divider system should be © 
as short as possible compared to the front time of the wave to be measured. A 
good rule of thumb to follow is that the rise time of the divider system should 
be one-tenth (or less) of the front time of the steep front impulse wave to be 
measured, A 20 card, 5000 ohm (250 ohm cards) divider with a rise time of. 
~—~0,064 usec, would then be capable of measuring steep-front waves with front 
time of 0,64 psec, or greater with a crest error of 5% or less, When measuring 
full wave or waves chopped after crest, the rise time of the divider should be 
one-fifth or less of the front time of the wave to be measured, A 20 card, 
5000 ohm divider would then be suitable for measuring a 0.32 x 40 msec, wave, 
The rise time of the divider may be kept short by weds the divider resistance 
and the total number of cards to a minimum, : 


The divider resistance should not be made too ow however, or oe cs 
may develop within the divider due to the residual inductance and the stray 
capacitance, Experience indicates that if the divider resistance is R= W Vk ('7) 


or greater where L - total divider inductance and © = total divider capacitarice 


_. to ground the internal oscillations will not be of an objectionable magnitude, 


(See Table 1 for inductances per card.) This figures out at about 3500 ohms 
| minimum for most practical dividers. 


A The number of cards cannot be made too low of course or the divider will 
flash over or be damaged physically, The standard resistor cards will withstand 
30 kv per card, Thus, a divider for 1000 kv madly waves would have to oe 
20 o at least, : 


These peteui ab lons on the types of divider to use are summarized on Fig. 4S. 
Thus, if it were necessary to measure a steep-front wave cresting at 1.0 usec, 
and 1000 kv either a 5750 ohm divider of 250 ohm ecards or a 4650 ohm divider of 


~ 150 ohm cards could be used, A 7500 ohm divider of 500 ohm cards could not be 


used because the voltage per card would be too high. 


The inductance of the line and ground leads may also affect the response 
of the divider, The line lead should be kept short and may sometimes even 
require damping resistors at one or two points in the line lead to prevent 
oscillations involving the line lead, These damping resistors should be considered 
ag part of the divider, If a 20 card divider is to be used, 19 of the cards 
could be bolted in the divider rack and one card connected in series with the line 


_ lead about half way between the rack and the test piece. If the line lead must 


exceed about 15 feet, two of the resistor cards could be connected in the line | 
lead at the tole and 3 /3 points. : 


“h of 


The manner in which the voltage divider is connected into the circuit is 


important, Associated with impulse voltage waves are high rates of current 


change, especially where the voltage wave changes rapidly as on the wave front 
or on the "“chop-off" resulting from sparkover of a gap. See Figure 4.7, Such 
high rates of current change (di/dt) set up high voltage drops along the line and 
the ground leads of the circuit. For example, a rate of current change of 5000 
amperes per microsecond, which is a reasonable value, will set up a voltage of 
50,000 volts across 20 feet of lead (1 foot of lead equals approximately 0.5 uh.). 
Consequently, it is important that the lead from the line end of the divider be 
connected directly to the test piece line terminal, whenever high rates of | 
current change are present in the system, As illustrated, voltage wave E is that 
- appearing on the capacitor while the distorted wave E! is that which would appear 
on the line lead a few feet away from the capacitor, It should be noted that at 
erest and on the slowly decaying tail the two voltages E and E/ are essentially 
equal, Therefore, in normal 1.5 x 40 testing when precise reproduction of the © 
wave front or "chop-off" is not absolutely essential, the divider lead may be 


- gonnected into the circuit some few feet from the test piece, as in Figure 4.7 if — 


such connection greatly simplifies the circuit arrangement, However, for front- 
of-wave (steep-front) testing it is mandatory that the connections be made directly 


to the test piece terminal, as in Figure 4.9. : 


| Similar voltages appear across the leads comprising the ground circuit. 
-Therefore, in the series discharge circuit it is possible to hold only one 
point at ground potential, Since the oscillograph is held at ground potential 
for safety reasons, it is logical to hold the point of the discharge circuit 
to which the oscillograph is connected (by virtue of the deflection cable | 
sheath) at ground potential. Therefore, the lower end of the divider circuit 
should be connected as closely as possible to the grounded end of the test 
piece, which in turn should be solidly grounded, This arrangement, shown 
in Figure 4.8 should be made whether the test being performed is normal 1.5 

x 40 or steep-front, In addition, during steep-front testing the lower ends 
of the impulse generator and the load capacitor are isolated from ground and 
fairly heavy leads or cables are run directly to the ground at the test piece, 
as shown in Figure 4.9. This precaution forees the majority of the current 
returning to the generator to flow through these leads and thus keeps to a 
minimum that portion of the discharge current flowing along the sheath of the 
deflection cable. This is important since any discharge current flowing in 
the sheath will tend to distort the voltage measurements, | 


The response of resistance dividers may be improved by shielding or the | 
use of compensating capacitors, Since such dividers must be carefully designed 
and thoroughly checked before use, their construction should not be attempted 
by inexperienced personnel, If a standard compensated divider is to be used, 
it should always be used in accordance with the directions, 


SUMMARY, 
1. Be certain of ratio. 
(a) Number of cards x ohms/card = total resistance, 


(b) BR. value is correct. 
(c) Tap ratio is correct. 


2. Voltage per card not to be greater than 50 kv. 


oh. 


3. Rise time (t = 0,24 RC) shoule be less than one=tenth of front 
time of steep-front waves to be measured, or less tan one-fifth 
of the front time of full waves. | 


4, Total divider resistance to be greater than 7 YI/e. (approx, 3500) 
| 5 Damping resistors to be placed in Series with iine lead, 


6. Line lead to be connected directly to test piece for steepefront 
testing (and for all other testing if feasible). 


7, Ground lead (short) to be connected directly to test piece, 


8, Isolate pot tom of generetor ani load capacitor and connect to 
test piece ground for Sucenet ene testing. 


9, Use cards of equal peete vanes throughout divider, 


: CAPACITANCE DIVIDE 
Calculation of Ratio | 


For certain tests a voltage divider having a greater impedance than the 
conventional resistance dividers may be required. In such instances, a 
capacitance voltage divider is generally employed, Capacitance dividers are 
composed of two capacitors in series, a high voltage arm and a low voltage 
am. The low voltage arm is connected to the oscilloscope through 2 coaxial 
cable, Figure 4.10 a a typical circuit, 


The high voltage arm may be a bushing, a Cy, stack, a sphere gap or some 
other item which forms a capacitance that will withstand the voltage applied. 


The divider ratio is 


input voltage = ratio = Cote | a 
Cable voltage Ch. | 


Since the exact value of C; is difficult to measure accurately, the above 
relationship is generally used only to select components and gain a rough 
idea of the ratio, The exact ratio is determined by comparing the capacitance 
divider to a resistance divider whose ratio is known, This is done by apply- 
ing relatively slow waves (1.5 x 40 usec.) to both dividers at the same time 
and reading the output waves of each divider. The actual voltage applied is 


calculated from the oscillograms and the resistance divider ratio. The actual | 


ratio of the capacitance divider may then be calculated. If the value of (07. 


is large compared to stray capacitances the actual value of OG may be measured 
pe mene a three terminal measurement. 


oe Resistors Ry) and Ro are sometimes added to prevent oscillations. in the 


loop consisting of the high voltage arm capacitance (@) and the inductance of 
the connecting leads. Determining the proper value of these resistances is 
best done experimentally, : 


oe | 


| _ If a capacitance divider is used to measure AC then the bleeder resistance 
ie not necessary, If it is used to measure impulses, however, Co will be charged 


to a higher and higher voltage by each impulse unless a means is provided to 
allow the charge on C2 to drain off between impulses, A bleeder resistor Rb 
composed of a 2 watt composition resistor of several megohms resistance allows 
the charge to drain off, If the test piece across which the voltage is being 
measured is connected to ground through a low enough resistance the charge on 
the high voltage arm C] will drain off naturally. If the test piece is not 
connected to ground through a resistance it will be necessary to drain the 
charge off Cj between impulses also. This may be done by connecting a high 

| reeseuene in eee with Cj or By ee Ci out between hae ae 


1, Connect resistance equal to Z of cable in series with cable at divider. 


2. Connect bleeder resistor across (2. 

5h. Gemneee Re directly to terminals of G62, 

Ae ‘Determine correct values of damping peqigtore experimentally... 
ye Calibrate against resistance divider. 


Current, Measurements 


_ Surge currents are generally measured using special non-inductive resistance 
shunts and a cathode ray oscillograph. The most accurate shunts are of a coaxial 
form and should be connected as shown in Figure 4,11. The test piece is connected 
in series between the surge generator and the shunt, Occasionally it is necessary 
to simultaneously measure current through and voltage aciuss a test piece. Figure 
4.12 shows how this can be accomplished. The shunt is connected in the return lead 
co to the surge generator, To do this the ground lead to the surge generator must. 
i ‘be disconnected from ground and connected to the line terminal of the shunt. 


' _ All ground connections must be kept as short and direct as possible or else 
| a portion of the surge current will be forced into the shield of the measuring 
cable and upset ‘the accuracy of the measurements, The section on measurement . 
cables contains a few practical suggestions on how to reduce cable currents. 


Some of the theory of current shunts is contained in reference 4, Some 
data on the response of coaxial shunts follows which is not included in the reference, 


An equivalent circuit of a coaxial shunt would be a time varying negative 
inductance in series with a resistance; the negative inductance arising from skin 
effect considerations, The output voltage if a step eon OF current is applied 
will be (within good accuracy) 


Fo= IR (1-E-f +) | 


| e 
} 

| = 
eae > 

| 


The time constant of the shunt is a pnoetc on of the tigate of ne shunt 


material and ite thickness and is given by the relation 


pe Fat 
oR ee | 
as thickness of the shunt wall ‘in mils (10 73 inch) 
£ = a constant related’ to the type of aaterial 3 
| Resistivity ; 
Material Microohm-cm F 
Karma 133 | 0.000101 
Nichrome V _ 108 | oo 0.000125 — 
_ Inconel | ' 98.1 | 0.000138 | 
Advance Be OS 2 | 0.000279 


‘Measurement Cables and Ground Connect ions. 


There are three general types of measurement cables witch will be found 
in the laboratory and they should not be used interchangeably unless one is sure | 


- that no errors will be introduced. The first is RG11/U coaxial cable. This is 


the large (0,405" diameter) 75 ohm cable, This cable should be used for all 


impulse current and voltage measurements, It is the cable for which the terminat- — 


ing resistors: in all the oscilloscopes are designed. A second type of cable is 


g RG5SSA/T cable, This is the small diameter (0.195") cable. This is a 52 ohm 
eable and is used in this laboratory mainly for non-critical or low frequency 


work where its greater flexibility is desired, It has higher losses that RG11/U 


eable and is generally not matched to the oscilloscopes we use, It is good 


cable, but if it is used where the 75 ohm RG11/J cable is called for there will be 
errors introduced into the measurements, These will generally appear as rapid _ 
oscillations on current or voltage oscillograms, A third type of cable is quite 


__ special but looks very much like the RG11/U cable, This is the RG114A4/U cable and 


is used only for connections between a radio noise meter and its shunt, It is a 


185 cable and is specially built to have this high impedance, It uses a very fine 
center conductor which is easily broken. It is more flexible than RG11/U cable and 
can generally be noted by its flexibility even if the markings are not easily noted, 
It is the responsibility of each person to ae ay tagged and to _ BOP it from oe 


mixed up with the RG11/0 gable. 


All of tinge cables are fitted with coaxial ee connectors, These should 


be treated carefully and not dropped, or otherwise they will be bent and become 
= difficult ‘to use, | | 


‘ od icone si seepreee peee oe 
ee erenemanihtatdineabendinmmenmnamnatiensntenneia 


ae ee a nN LI TEL 


8. 


Generally measurement cables ape gr ounded at both ends ; at the current shunt 
or R, box and at the oscilloscope, Sometimes ground currents flow in the shield 


of the cable and disturb the measurements, These can be checked by shorting the 


input end of the cable with hipot wire and observing whether any significant deflec- 


tions of the oscilloscope are noted when the impulse.generators are fired, If 
deflections are noted it generally indicates that the ground connections are 

- sloppy and need to be improved. Sometimes it is appropriate to run a sheet of 
aluminum foil between the test piece and the oscilloscope. The measurement cable 
should be placed on this sheet of foil, Sometimes it helps to wrap the cable up 
in the foil, Occasionally it may be necessary to run the cable through conduit 
or "Pape to help eliminate pickup on the cables. 


2 Another method which can be used to reduce cable currents is to elace 
_ inductance in the cable circuit. Electrically these inductors appear as shown 
| in Figure 4.13. The inductance presents a high impedance to any fast surge 
 gurrents that try to flow along the outside of the cable shield. The construction 
of the inductors is shown on Figure 4.14. The coaxial cable is wound through a 

ferrite toroid, Ferrite toroids about two inches in diameter are satisfactory 
and will hold about 10 turns of small diameter cable. The 52 ohm RG58A/U cable © 

is satisfactory since only a short length of cable is necessary, but RG59U or 

RG59B/U cable is better since it is a 75 ohm cable and matehes the 75 ohm. 

_ impedance of the RG11/U cable, It should be used if it is available, 


‘The discussion of sphere gaps will include sixty-cycle use as well as 


impulse since so many of the considerations are common to both usages; thus, 
needless repetition that would result from separate treatment will be avoided, 


| In the early days of high voltage testing ' sphere gaps were the only | 
means for measuring high voltages of alternating frequency, d-c, and impulse | 
voltages. The conventional method of measuring voltages by meens of sphere 
gaps is +o cause a sparkover of the gap formed by two equal spheres. The 
reason that sphere gaps were used is principally the fact that a sphere gap 

has a relatively uniform field and, therefore, 1s practically free from corona, 
and its aparkover voltage is very Consistent, An improved type of electrode 

to use would be a pair of parallel plates with edges shaped in such a way 

that the gradient at the ends of the plates would be lower than in the center 

. and sparkover,. therefore » would take place in the center, where the field is 
uniform and can be calculated, Such an arrangement, from the point of view 

of accuracy would be better, but the dimensions of such a device would be too _ 
aaa to be practical. | : 


- From calibration curves the sparkover voltages can be determined. Cali= | 
bration curves have been obtained by means of three methods in particular, The 
first method was to calculate the sphere-to-sphere sparkover as function of the 
sphere diameter and the spacing. This procedure resulted in good results for 
the case where both spheres were isolated and voltage was applied symmetrically. 


When one sphere was grounded, an empirical factor had to be found by measuring the — 


sparkover voltage of a sphere gap by means of a voltmeter coil in the step-up 
transformer. Such tests were made on spheres of small diameter, Later curves 
were calculated using the same factor org for spheres of larger diameter, The 
“second method described by Mr. Meado:” consisted essentially in calibration of a 


\. 


pe , ; . 50 
v + Oe Sek Pa eavigsa stile ene 5 : ¥, a 
~~ Ee RL Se hh COE Leagan anne titneias mop a Set a Re ae —- 7 Ss — 


’ se seege teats 
ge a nn wn os a nen ee ne ee 


9. “ | 
200-cm sphere gap within a spacing of 33 per cent of ‘its diameter by means of 
voltmeter coil and crest voltmeter. Sanne gaps of the next small diameter then 
were calibrated against the calibrated 200 cm sphere gap. In this way it was 
found that the sparkover voltage of the sphere gap for sixty-cycle excitation | 
and for impulse of negative polarity was the same but Gweae: from the sparkover 
voltage of a positive impulse by a considerable amount when the sphere spacing | 

was larger than approximately 33 per cent. This behavior was checked by the 
third methodl0 which used 1.5 x 40 impulse waves and oscillograph with a suitable 
voltage divider for measuring the crest voltage. As a result of a comparison of 
tests on 1egres by different laboratories, agreed-upon sparkover curves were 
compileatt which differ from the test results of individual laboratories by 
73 per cent. A tolerance of 13 per cent has been allowed when measuring with sphere 


if gapsl@, 


| A sphere gap, when properly prepared, “(clean polished surface, small gaps 
irradiated by ultraviolet light) will spark on the crest of the applied wave 
irrespective of the wave shape (impulse of sixty-cycles) provided crest voltage 
is reached in more than 1.0 to 1.5 microsecond, If the time to reach crest 

is shorter, the sphere gap calibration curve will indicate too low values. 


: The surface of the spheres must not only be clean and smooth, but. also 
must be free of water drops, <A few drops of water will decrease the spark- 
over voltage of a sphere gap to as much as 30 per cent of the correct 

arcover voltage and will be practically equal to the sparkover voltage of 

a rod gap of equal spacing. Similarly, particles of dust and dirt will 

reduce the sparkover of the sphere for a given spacing to an unknown amount, 14 


When sphere gaps are used for measuring impulse voltages, it is impor 
tant that the impulse wave has a smooth top without superimposed oscillations. 
if oscillations are present, the sphere gap will sparkover at the crest of 
the oscillations, while arcover of the bushing or other device tested may 
not be affected by these superimposed.oscillations, and therefore, infor~ 
mation obtained with a smooth wave and a wave with superimposed oscilla- 
‘tions would not check, | 


it is essential that the leads between the sphere gaps and the point 
at which voltage is to be measured are kept as short as practical, to avoid 
voltage drops due to the inductance of the leads and oscillations appearing . 
at the spheres which would not appear at the test piece, It is further de- 
Sirable that the leads to the spheres are connected directly to the test 
piece and not to any part of the main discharge. circuit between impulse 
generator and test piece. The reason for this was discussed earlier in this 
ears for voltage dividers, 


For messureno.6 of sixty-cycle frequency voltages by means of spheres, 
“LG: is essential to place a non-inductive resistance in series with the sphere 
gaps to avoid burning'of the sphere after sparkover occurs, The value or 
resistance to use is approximately 1 ohm per volt. The are on the sphere 
should be interrupted as quickly as possible by interrupting the sixty- 

cycle excitation, Afurther reason for the use of resistance in series with 


the sphere gap is its value in damping out oscillations which are caused in 


the ye voltage eiroult by corona, 


; 
{ 
} 
H 
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‘The resistance should be es near the gap as possible to avoid excessive 

corona currents flowing through the resistance, The consequent voltage drop 
- aeross the resistance would lower the voltage across the sphere gap as 
compared to the voltage across the test piece, Therefore, the test voltage 
has to be raised by an amount equal to the corona drop to produce sphere 
epee and the test voltage would be greater than required, : 


Similarly, great care has to be taken that 1 ohn per volt is not exceeded 
‘and in many cases it is desirable to reduce this value when testing at frequen=— 
eies higher than sixty-cycles as, for instance, 420 cycles. At the higher 
frequencies, the charging current through the sphere gaps becomes appreciable, 
and for high values of Ri the voltage applied to the test piece becomes higher 


than the voltage indicated ee the spheres, a condition which, of course, should 


be avoided. 


The maximum resistance which could be used, when the voltage across the 
-gspheres.: is limited to be not less than 98 per cent of the voltage supplicd by 
the. pee Oree can | be calculated from the oa ; 


R= 0 0225/2 £6 ohms 


where fa. frequency of applied voltage in cycles 
c= capacitance (in farads) of high voltage parts to ground between the 
resistance and the sphere gap, inclusive, | 


| : However, when spheres are used for measuring impulse voltages, resistance 
should not be used in series with the spheres because spheré gaps constitute 

a capacitance and any resistance in series with the sphere would change the 
slope of the wave measured at the sphere and also its crest and the voltages. 
measured would be too low, For instance, for 100 cm sphere at 10 em spacing 
the capacitance is approximately 100 micromicrofarad, If 100,000 ohms were 
placed in series with the sphere this would result in a time constant of 10 
microsecond;. the resulting voltage at the sphere when a 1.5 x 40 wave is. 
applied would have a crest value equal to approximately 70% of the 1. 5 x 40 
erest. The crest would oecur at about 21 microsecond , 


| | Sphere gap sparkover voltage depends on the relative air density ( ) 
but is independent of humidity. Relative air density is a function of : 
barometric pressure and air temperature. 
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The standard value of relative air density equals » The sphere gap curves’ 


- in the laboratory curve books are all based on OA. 


If the curve value: er standard sparkover voltae of a diven Seite gap 
at a given spacing is designated as Es and the sparkover voltage under pony 


conditions as Ey, the relation between the two oe is | given as Es 
Ete or Et ® Eg x Ja. 


y 
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Variations in sparkover voltage due to the effect of grounds, ad jecent 


‘objects, walls, and other field-distorting influences require consideration 
for gap spacings above 1/2 the sphere diameter. ; | 


- When spacings in excess of 3/4 sphere diameter are used, attention 
should be given to clearance and the position of the high potential lead. 


The distance to Pround of the ungrounded sphere, from the sparking 
point, shall be not less than 5 diameters and not more than 10 diameters 


for 50 em spheres and smaller, For largerspheres, due to space limita- 


tioris, smaller clearances are permitted, In such cases it is advisable to 


-@hoose a sphere gap which permits a spacing of 1/2 diameter or less. 


The spacing of most sphere gaps is set by means of an attached millimeter 
ecaile and micrometer screw or similar arrangement. A fair degree of precision 


ds required. Consequently, it is necessary to check frequently the zero set- ad 


ting of .the sphere gap. If it is in error, the fault should be remedied or © ae 
the error should be accounted for in the final setting. Thus, if at zero | : 


spacing, the scale should read +0.05 cm, then the scale reading for spacing 
d should be d plus 0,05,. Zero spacing is determined by attaching a bell set 


or ohm-meter across the gap and closing the gap carefully until the circuit — 


is completed, Because of "backlash" in the micrometer screw mechanism it 

is important that the subsequent settings be made by approaching the setting 
from the same direction; that is, the spheres should be opened Peyone the» 
setting desired and then closed to the desired spacing. 


The use lof the sphere gap for measuring voltage is as follows: 


A. = - Sixty-Cycle 


1. General Testing | 
After the spheres are properly cleaned, connected, and baa (with rela- 


tive air density considered) voltage is gradually increased, as for flashover 


test, until sparkover occurs, The sparkover should be quickly removed Dy 
rapidly reducing the voltage since prolonged arcing will pit the surfaces 

of the spheres, Five sparkovers are obtained in this manner; the voltage | 
applied to the testing transformer or the voltage indicated by the voltmeter . 
coil of the transformer is noted at the instant of sparkover, The average of 
the several readings gives the meter voltage. equivalent to the voltage tor 
which the Ras gap was set. 1 


be eee such calibrations at three different voltages, it is possible 
ae plot a curve of testing ee eles voltage versus meter reading. 


Thus far the effect of the test piece Had est been considered, If it 


‘is highly capacitive it will probably alter the step-up ratio of the testing 


transformer, Therefore, it is generally necessary that sphere calibrations 
be obtained with the test piece connected in the circuit. This is usually 


done at 50%, 75%, and 100% of the desired test level, However, if it is | 


undesirable, from test piece considerations to make a sphere calibration 
at the 100% level, then lower levels (say 40%, 50%, and 80%) may be used 
and the curve can "be extrapolated for the wer noDeeeee:. 


| “Calibration of the applied voltage ts obtained with the test piece (or its 
equivalent) in the circuit at 50, 75, and 100 per cent of the desired test 
level, The spacing of the sphere gap is obtained for the three voltages 
from the sphere gap calibration curves. The curve: values Eg represent spark~ 
over voltage under conditions for/=1,. It is therefore necessary to set. 


the spheres for a voltage Es = Et/ gd», Where ( corresponds to the relative | a 


air density at the time of test. For instance, if the 50, 75, and 100 per 


cent voltages are 100, 150, and 200 kv, respectively, and S = 0, 95, sphere 
pescance from the curves are obtained for 105, 1 9 and 210 kv. 


With the spheres set at the spacings thus obtained, five sparkovers are 
produced at each spacing. The voltage applied to the transformer used to 
make the high potential tests is noted at the time of sphere sparkover, A 


-straight line is then drawn through the average of the transformer voltage 


readings at each of the spacings giving a plot of per cent voltage or kv 


_ test as function of transformer excitation, The voltage to hold for the 


100 per cent withstand test is then obtained from the plot. For this test 
the sphere gap is openee to 120 per cent of the test voltage for protection, 


‘While in many cases it is sufficient to obtain a sphere calibration at 
the 100 per cent point only, for large and expensive test specimens the above 


procedure is preferable bec ause it eae of a cheek on oe individual | 
measurements, Bs care 


Eo Flashover Tests 


The. procedure is essentially the same as for withstand tests. However, 
in this case the transformer calibration curve is taken only up to 80 per 


eent of oe expected flashover voltage of the. test specimen, 


This is done to avoid erratic sphere gap performance caused by corona» 
and consequent high Ree eat a oscillations near the flashover point of the | 
test ae cca | : 


“The transformer excitation voltage at the time of flashover is mote and 


ne the corresponding test voltage obtained from the calibration curve. 


Direct measurement of the flashover volt age of a test spec imen by a sphere 
gap should be avoided. 3 


- B. | Cases | 


a Sphere Sep Only Available 


1 calibration curve is obtained by applying impulses of | various euas 
with the sphere gaps set for 25, 50, and 75 per cent of the test voltage. 
The excitation voltage of the impulse generator is varied in 5 per cent aaa : 


ments near the expected point of sphere sparkover to establish roughly the — 
_ excitation voltage required for sparkover, Then with small increments 


(2 to 3%), a.range of zero sparking to 100 per cent sparking is obtained, 
for 5 applications at each increment, From a plot of per cent sparking — 


as function of excitation voltage, the excitation voltage corresponding 


ee Fo LOTS DAN I 


» 


to the 50 per cent sparking is obtained. The voltage across the test specimen 
- eorresponding to this excitation is considered to be equal to the sphere 


sparkover voltage as obtained from the sphere calibration curves corrected 
for | air density. | | 


A plot of generator excitation voltage as function of test voltage obtained 


for the different sphere gap spacings gives a calibration curve for the particu- 
lar test piece, If the capacitance of the test piece is small compared to the 
load capacitance of the impulse circuit, variations in capacitance of different 
test Specimens do not preclude the use of such a calibration curve. For large 
changes in capacitances, new Calibration cures should be obtained, 


2. Cathode Ray Oscillograph and Sphere Gap 


Whenever a cathode ray oscillograph is used for voltage measurements, it 
is considered.as the primary standard. However, for reasons of accuracy and 
certainty of results obtained, as well as for check on the voltage divider 
ratio, a sphere check is taken by obtaining a few oscillograms of full waves. 
and of sphere sparkover at a point where the sphere gap will just spark, The 
voltage obtained from the oscillograms should be within £5 per cent of the — 


sphere gap sparkover voltage after the air density correction is applied. If 
the discrepancy is greater it is desirable to check the divider circuit, A 


polishing of the sphere surface is indicated when the oscillogram indicates: 
lower sparkover voltage. 


General Comments 


In recent years. attempts have been made to use the force exerted: “between 


‘spheres or plates for measuring the voltage applied to the sphere ,+? This 


is made possible by suspending one of the spheres in such a manner that it 

is free to move without friction, The force exerted on application of voltage 
is balanced by means of weights or other means, By means of Maxwell's 
Equations or direct measurements, the capacitance between spheres can be com= 
puted and the peer tage applied to the spheres can be calculated, 


Meie : are two principal disadvantages: 
1. The epanilice sphere measures effective voltages and, if the applied 
voltage does not have sinusoidal wave shape, the crest voltage cannot 


be determined accurately without oscillograms showing the wave shape, 


2. This method is not applicable for measuring impulse voltages or single 
transients of any kind, 


Some attempts have been made Seaitiy 56 explain the physical condi- 
tions causing gS t asphere gap. Some of these papers are 
given in Bibliography.1 | 


Summary of Precautions for Use of Sphere EDS 
1. Surf ace of spheres should be clean, ae and smooth, 


ae 2a! Zero error should be determined. 


3. Spacing should be set accurately. 


13. 


_ Air density correction must be applied. 


Irradiate (with H, lamp) amali sphere gap (6,25 and less) when used at 


very small spacings 13 diameter or less), 
On impulse be sure crest of wave is smooth, 


On sixty-cycle be sure +o use resistance in series with spheres; on 
impulse do not use resistance, ) 


For best accuracy sphere gaps should not be used at spacings greater . 
than 1/2 sphere diameter. Larger spacings should be used only when 
specific permission is granted. Also spacings smaller than 1/10 sphere 
diameter should be avoided when possible because of the greater posai- 
bility of spacing error. 


Sphere gap should be a distance of 5 to 10 sphere diameters away from 


grounded fences, tanks, etc., for 50 em spheres or smaller, For larger 


spheres, because of space limitations, smaller distances may be used 
down to 2-1/2 sphere diameters for 200 em spheres, 


| TABLE I 
INDUCTANCE PER CARD OF STANDARD 50 KV RESISTOR CARDS 
Card Inductance 
Size per Card 

5 ohms 1.2 uh, 

10 1.5 
15 1.8 
30 2.2 
60 207 
150 3.9 
250 hee 
500 5.5 
71 


: 7 15. . ’ 
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HIGH VOLTAGE ENGINEERING LABORATORY 
CHAPTER 


PORT WRITING 


You have a report to write! Opportunity knocks! Now you have a chance 
to show what you can do with the written word, to practice logical and clear 
presentation, to pass on to others, with pride, the results of test which you 
have made. In a sense you are introducing yourself to a group of readers who will 
consciously or subconsciously form opinions of you and your work by what they 
read, Naturally, you should make the most of the opportunity. However, don't 
let your enthusiasm run into a full length novel or develop into a mystery thriller, 


First, back off a few paces and get a good over-all perspective of the 
information to be reported, Think about it logically. What steps should you take? 
Just two!! | 


1, Arrange your data in tables, charts, or curves. 


2, Tell in words the purpose of the work, the methods used, and the 
results obtained, making the tables, charts, sie curves "do the 
detailed telling. 


The pages that follow will expand these two steps after first backtrack- 
ing a bit to discuss the testing phase briefly. What has that to do with report 
writing? Just this! A properly conducted test will generally be an easy one to 
report. | 


Throughout the testing period, the object of the test should be kept in 
mind so as to be certain of gathering the facts necessary for its fulfillment, 
Careful observation of all phases of the work must be made and accurate logs must 
be kept. Although your memory may be good, do not trust it. Enter the facts in 
the Data Book, Be constantly vigilant for unusal or unexpected results, ene Sep 
they occur, seek an explanation, : 


While the data and facts are being gathered, they should be studied from 
the standpoint of accuracy and logical trends, This permits checking odd results 
immediately with a minimum of extra testing effort, and points the way to other 
tests which may be of value, The best way to study the data as the tests progress 
is to keep an up-to-date table of the results and, wherever possible, plotted 
curves to show trends, These, in turn, should be” compared with the expected trends 
or results if forecasting is possible, Then it is easy to see whether results are 
normal or abnormal and to look for a reason for abnormality, 


Chapter 5 
Page 2 


After the data have been gathered, they should be studied as a whole and 
reduced to concise tables, curves, and charts, which, in themselves, practically 
tell the whole story. This stage of the report generally will require little 
work if the up-to-date tables and curves have been pee’ thoughtfully during 
the testing period, 


Now, with the tables, curves, and charts completed, the general plan 
for the text of the report should begin to be apparent. If the report will be of 
some length, it is advisable to make a rough outline, jotting down the various 
points that should be discussed in the text. Then, write the text in the follow- 
ing sequence: : 


1, Object 

2. Main body of text 

3. Abstract, Conclusions 
4. Summary (if needed ) 


As. explained in the following pages, this is not the order in which these 
parts appear in the report, but certainly it is the logical sequence for prepara- 
tion. 


GENERAL : 


The effectiveness of a report hinges on its readability and its clarity. 
By the use of logical arrangement and clear phraseology, even a difficult subject 
can be presented in a simple yet forceful manner, 


Readability means that the reader will find it easy to read through the 
report without occasionally running into a portion that. must be read over several 
times before the meaning is clear, Reading a report should not be a wading process, 
Rather, the reader should be lead over solid ground by a well planned route from 
the face page to the back cover, 


By clarity is meant the use of good phraseology, the choice of proper words, 
and the use of easily-read tables, trend-conveying curves, and paragraph-saving 
drawings or photographs, At times, a drawing or photograph is worth a great many 
words, 


It is wise to double space your handwriting. The skipped spaces can be 
used for inserts or changes which come to mind when you re-read or when a second 
partyreads the report, 


Handwriting should be legible, particularly numbers, if you expect your 
work to be reproduced faithfully by a stenographer. A pure Palmer method is 
not demanded, However, if your writing does confuse others perhaps you should 
take a little more care or resort to printing at least until you have a secretary 
who can DUEEEre\ your scratching, 
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The general arrangement of reports issued by the High Voltage Engineering 
Laboratory is indicated by the following subdivisions which are listed in the 
order in which they appear in a report :- 

Title ) 

Abstract ) On Title Page 

Cone lusions 

Summary (for long report) 

Ob ject 

Introduction (for long Popout) 

Description of test piece 

Procedure and Results 

Conelusions 


Discussion (when applicable) 


In addition to these general divisions, the report generally will include 
one or more of the following:- 


Tables 
Curves and Drawings 
Photographs 


Oscillograms 


The "title" tells the reader what the report includes so that he can 
decide whether he wants te read further, It should be brief yet it should con 
vey the whole idea of the report, In so doing, it may even infer the object of 
the report, 


Since most of the High Voltage Engineering Laboratory reports are prepared 
to present test results, the title should include the type of tests that were 
made, as well as the apparatus that was tested. For example: 


Chaper 3 
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impulse and Sixty-Cycle Breakdown Tests on a 69 Kv, E-216 Potential 
Transformer - Pyranol-Filled 


Impulse Withstand and Flashover end Volt~Time’ Data on 
a 115 Kv, Type "F" Bushing 


Sixty-Cyele Wet and Dry Withstand and Flashover Tests 
on (6) 8.7 Kv Distribution Transformer Bushings (M-9700231) 


| Exceptions to this pattern will be encountered, particularly in the basic | 
investigation work, For example, 


Ee eo 


New York Lightning Investigation - 1939 
Tie "ABSTE Cr" CONCLUSIONS": 


On the title sheet of the report, there are spaces for an abstract and 
for conelusions, In addition to being a title sheet, this sheet serves two 
other purposes, The 6" x 5" square, which includes the abstract and conclusions, 
may be clipped, folded and inserted in a file, Also, the title sheets alone 
are distributed to certain people to let them know that certain work has been 
completed and reported, They then can borrow a copy of the report from the Library 
if they wish to have greater detail, 


Thus it is evident, that .the abstract and conelusions should tell as much 
as possible about the report in the space allotted, 


ee "ABSTRACT" : 


The abstract should enlarge upon the title but should not renee: It. Loe 
reader has already read the title; that is why he is reading the abstract. It 
should tell in greater detail than did the title the outstanding features of the 
test piece and the tests that were made, When the "Object" is discussed later, 
it will be seen.that the abstract, quite often, can be merely a reworded "Object" 
with the tense shifted to show ‘that such-and-such is being reported, For exe 
oer, the abstract for the first title given previously might be as follows:~ 


"Standard ASA impulse tests and sixty-cycle high potential . 
tests were applied alternately to the transformer starting 
at the 90 percent level and increasing in 10 percent steps 
until breakdown occurred," 


It was not necessary to repeat the fact that the transformer was rated 
69 Kv, was Type E-216, or was Pyranol-filled, The title, a few lines above on 
the same sheet, tells “that, ! 
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THE CONCLUSIONS" : 


‘The conclusions tell the reader in a few words what was learned or. | 
accomplished by the tests, They should take up where the abstract left off, and 
then complete the story. For the sample abstract above, the conelusions might be:- 


"The transformer successfully withstood the tests through the 110 
percent level (100 percent level is 350 Kv impulse and 140 Kv RMS). 
Failure across a portion of the winding occurred during impulse. 
tests at the 120 percent level, but the transformer successfully 
withstood the 120 percent sixty-cycle high potential test, Failure 
to. ground occurred during the 130 percent impulse eave 2 


In High Voltage Engineering Laboratory reports aealine with work for the 
Engineering Divisions we do not draw conelusions regarding the quality of the ideas 
or the usefulness of the investigations. It may be appropriate to discuss these 
features at times, but the conclusion as to whether the idea or investigation is 
good or bad should be made by the Engineering Division, Our conelusions are of 
the nature of telling how the samples compare with industry standards, when such 
exist for the sample in question, or how they compare with somewhat similar 
chines previously tested, or a mere statement of results. : 


In reports dealing with work that is instigated by the High Voltage 
Engineering Laboratory itself we can and do draw conclusions regarding the use~ 
fulness or appear of the idea or material involved, 


THE US Lo: 
For the long report, ,one containing perhaps five or more pages of single- 


spaced typewritten text, it is customary to inelude a summary before the "Object", 
Many readers may want to know more than it is possible to tell in the abstract 


and conclusions, but do not want to read through all the details discussed in the 


report, The summary should be prepared in such a way that it will give these 
readers an enlarged account of the work without considering all the details of test 
piece description and testing procedure. | 


THE "OBJECT": 
The purpose of the object is to orient the reader, to tell him the goal 


of the work, In terms of the mystery story, it reveals the "murderer" at the 
beginning so that the reader can easily assimilate all the facts as they are sub- 


sequently presented, The object should be concise, but complete, If there are 


several parts to it, an itemized tabulation will prove more comprehensive to the 
reader than the standard paragraph form of expression, This is oereec ely mye 
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of the longer reports where, for clarity and simplicity, it is often advantageous 
to subdivide the main body of the text. Such subdivision can then be patterned 
on the split-up provided by the "object™, 


THE "INTRODUCTION" : 


For the longer reports, it may be helpful or necessary to give some 
history or background information about the problem being tackled, The in- 
troduetion is a logical place to do this. The writer must make a judicious 
selection of historical or background material, Too much may bore the reader 
while too little may not adequately prepare him for the remainder of the report. 
It is always well for the writer to make such selections from the viewpoint of 
the reader, "What would I want to know if I were the reader?" "How will the 
reader react to this?" 


“DESCRIPTION OF TEST PIECE" : 


Before the reader can fully appreciate the value or import of the tests 
that are to be deseribed, he must be informed of the nature and salient charac- 
teristics of the apparatus being tested. Therefore, a satisfactory deseription 
of the test piece should be given. The writer should consider carefully the 
best way to accomplish this, He has at his command photographs, drawings, and 
the written word, 


If the test piece is simple, a written description will probably suffice 
and require the least effort, However, as the complexity of the test piece in- 
creases, photographs or drawings to supplement the written description will be 
valuable in getting the correct ideas across to the reader, 


If drawings have been supplied by, or can be obtained from the Engineer- 
ing Division involved, they should be used. Should prepared drawings be unavail- 
able, the writer must "decide whether +o make drawings, take photographs , or both, 
From the standpoint of labor involved, the photograph is generally the wisest 
course, On the other hand, if dimensions are essential, the drawing will be 

the logical choice, 


Some specific items which should be given in the "Description of Test 
Piece" unless included elsewhere in the report are:- 


1, Serial number, production order number (PO), engineer~_ 
ing memorandum number. 


2. .Rating 


| @ 
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3, String arcover distance (for bushings, etc.) 

4. Llypes of materials 

>. Orying or impregnation treatments 

6. Special features 
"PROCEDURE AND RESULTS" : 

It will generally be found advantageous to treat these two subjects 
collectively, It is usually more efficient to present the results of some phase 
of the testing immediately following the discussion of the testing procedure for 
that Jee than to bring the matter up again later in order to discuss the results. 


The procedure should tell: os 


1. How the sample was arranged for testing if this is not 
covered in the "Description of Test Piece", 


2, The type of tests made. 
3. Instrumentation, if not standard, 
o How these tests were applied, 


a, Physical or electrical connections 
b. Test levels applied 
e, Polarity, if impulse tests 


5, Methods of observation, if special. 


The sequence of presentation should be logical, Often it may follow the 
sequence in which the tests were made but it does not have to if some other 
arrangement is clearer or more easily handled, Subdivisions are particularly helpful | 
especially in the longer reports. These divisions are generally made by types 
of test (sixty-cyele, impulse, etc.) or types of samples, 


As procedures and tests are discussed, the tables,curves, and oscillograms 
which display the data, should be mentioned 30 that the reader will mnow where to 
look for details, 


, If the tables and curves are well arranged, they will present all the facts 
and the procedure can be confined to the major items of interest, 


Wherever possible in the results, percentages should be used to compare 
the characteristics of the test specimen to industry standards or other similar 
apparatus or materials, | 
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If tests or calculations made by other groups such as the TAP Laboratory 


or an engineering division are included, appropriate recognition of ae should 
be made. : 


HE "CONCLUSIONS" : 


For some reports the conclusions may be too long to fit into the space 
i provided on the title page. In such cases the complete conclusions should be 
@ given after the "Procedure and Results" and just the most important conelusions 
on the title page. — 


THE "DISCUSSIONS": 


Sometimes it is desirable to discuss some aspect of the results or tests 
in a more general sense than is appropriate in the "Procedure and Results" or 
"Gonelusions", Such material is generally grouped under "Discussions" which is 
placed in the report following the "Conelusions", 


TABLES: 


The purpose of a table is to present the various comparable data ina 
compact and clear manner, Considerable care must be exercised so that the table 
does just that. Some considerations that will help in making a good table are as 
follows: : 


1. Give the table an appropriate heading to indicate what 

type of data it contains, Since the table is usually not 

detached from the remainder of the report, the heading need 

not include the title of the report. For example, if a report 

deals with sixty-cycle and impulse tests on a certain piece of 

apparatus, it should suffice to head one table, "Sixty-Cylce — 

Tests" and a second table, "Impulse Tests", In other words, 

the reader should not have to read and weigh any more words 

than necessary, By the time he gets to the tables he certainly 

knows what the report deals with and all he needs to be told 

is the portion of the tests covered by that table. Qn the 

other hand this matter of table headings must not be over- 

simplified, For example, if several tables are prepared dealing 
& with various aspects of the sixty-cycle tests, the heading or a 

subheading should point out what each table covers, In short, 

the tables must be adequately identified, but such identification 

should be concise, 


2. Arrange the columns from left to right in order of their general 
importance to the reader, While the tests are being made, the 
identification of the oscillograms with the various tests is of prime 
importance to vas tester, However, it is of secondary importance 
to the reader, What he wants to know isi- 
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a. What were the conditions under which the test was made? 


b. What terminal or portion of the test piece or which test 
piece was tested? 


Gc, What were the test values? 
d. What happened to the test piece? 


This, then, is the order in which information should appear : 
from left to right. Some place on the right hand side of the table, reference 
data such as oscillogram numbers may be located, This is generally inserted Just | 
to the left of the "Remarks" or "Results" column since the latter column is 4 
generally irregular and unsymmetrical from line to line and is best suited to the | 
extreme right hand position. | 


3, Column headings should be brief but comprehensive, To Save space, 
well chosen or easily recognized abbreviations can be used, When 
necessary column headings can be footnoted for more complete under— 
standing, However, such practices should be employed sparingly 
for excessive footnoting complicates the reading of a table, The 
units to be aseribed to the data in a column should be given in the 
eolumn heading, a whether the voltage is RMS or Crest 
must be indicated, : 


CURVES AND DRAWINGS: 


The headings or titles of curve sheets or drawings are governed by the 
same considerations that apply to tables with one exception, Curve sheets and 
drawings are extracted from reports more frequently than tables and, therefore, 
the headings should be somewhat more complete concerning the nature of the test — 
specimen, Also, references to corresponding tables, curves, or drawings should 
be given when they will help the reader, : 


If several curves appear on one curve sheet, each curve should be labeled 
individually instead of depending upon symbols and a legend, If the reader has 
to refer to a legend to identify each curve it imposes an extra burden and may give 
rise to mistaken identity. A legend of smybols should be included, however, 
when it will help to identify individual points. 


If the plotted points do not form a logical smooth eurve, it is generally 
advisable merely to join the points with straight lines rather than draw a curve 
with several inflections, However, it is difficult to formulate set rules to govern 
all cases, Consequently, good judgment must be used and consultation with more 
experienced personnel will prove helpful. 


—— 
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To maintain a uniform quality for our curve sheets and drawings, it is 
our general practice to type the wording and numbers that appear on these prints. 
Of course, where limited space does not permit typing, printing may be used, The 
information to be typed should be written on onionskin paper which is paper 
clipped to the curve sheet or drawing, The axes and curves should be drawn roughly 
on the onionskin paper and then all wording and numbers should be written in the 
desired locations, Be sure to label the axes with proper units -- Kv, ws, ete., -- | 
& and tell whether voltages are RMS or Crest. ) 


Temporary symbols should be assigned to the curve sheets or drawings, 
e.g. H-A, H-B, ete., so that as the report develops the sequence of the prints can 
be juggled with ease by simply changing these temporary symbols, The stenographer | 
will assign permanent numbers in proper sequence to the prints when the report is 
typed, The sequence in which the permanent numbers should be assigned must be 
tabulated on the title page. 


The purpose of the drawing is to convey specific information coficerning 
the nature of the relationship between parts of a test piece. Where the detailed and 
accurate portrayal of some part does not affect the behavior of the test piece on 
the tests involved, it should be shown schematically. For example, if a bolt 
merely serves to hold some parts together, but is not involved in the tests, it 
should be shown roughly or perhaps even omitted, On the other hand, if corona forms 
on the bolt head during the tests, the position of the bolt and the shape of the 
head will have to be shown, In other words, although drawings should be neat, 
they need to show only bare essentials, They should be made so as to convey the 
desired idea with a minimum of labor, 3 3 


If a photograph is numbered and filed in the Photo Department it can be 
included in a report by listing the number on the title page of the report, 


If a photograph is not numbered the following steps should be taken, 


1, If photograph was taken with the 5" x 7" view camera, the negative 
is assigned a PL number by the stenographer who sends the negative 
& to the Photo Department, If title is desired, it must be sent along 
with negative, 


2. If photograph was taken with 35 mm, camera, an enlarged 3~1/4" x 
4e1/2" print is made in our fixed-focus enlarger, Bigger enlarge- 
ments oe made by the Photo Department when it is necessary. 
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When several 3-1/4" x 4-1/2" photographs are to be grouped on one sheet, 
a placement sheet which shows with rectangles how the photographs should be 
arranged must be prepared. Mark the inside of the rectangles and the back of 
the photographs with corresponding symbols to show placement. Place the sub- 
titling for each photograph below the proper rectangle, place the main title 
near the bottom of the sheet, and place temporary PL-symbol (similar to H-symbol 
| for Curves and Drawings) in lower right hand corner, List all PL's in the desired 
@ sequence on the title page, Stenographer will assign permanent PL numbers when | 
she types the report. The Photo Department will mount the individual photographs | 
on a mat, do all the printing shown outside the rectangles, and photographically | 
copy the * composite. The negative of the composite will be filed in the Photo | 
Department. : | 


— OSCILLOGRAMS : 


Our oscillograms are recorded almost exclusively on 35 mm, film, They 
are reproduced in reports in the same manner as 35 mm, photographs eS ecusee’ above 
with the following additions: 


1. The individual voltage or current waves must be identified 
with oscillogram numbers. These are printed on the 3~1/4" 
x 4-1/2" print with white ink, © 


2, Failure or corona indications » ete,, should be marked with 
symbols and noted in sub-title, 


3. A timing seale should be given, 
A typical sub-title might be as follows:- 
EL-=3013 
#28 —- 50 Percent FW Voltage 


#41 - 120 Pereent FW Voltage 
with failure at (a) 


To wvoia mistakes in interpreting handwriting (Photo S ceseient oe 
direetly from these handwritten sheets) it is worleed eo +o print these sube 
ig titles and also the main title, 


A, F, Rohifs -- 12/28/50 
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@ HIGH VOLTAGE ENGINEERING LABORATORY 
CHAPTER 6 
CATHODE RAY OSCILLOGRAPHS 
Introduction ~ Methods of Recording Transients 
© Electrical transient phenomena are conveniently measured with a vibrator 
type (or Duddell) oscillograph, if the times involved are in the general range 


of 0,001 to 1,0 second, The vibrators possess too much inertia to record accurate- 
ly transients of much shorter durations, and it is now universal practice to view 
or record impulses or high speed transients with the cathode ray oscillograph 

whose indicating element is a practically inertialess beam of electrons, A cath- 
ode ray oscillograph (usually abbreviated CRO) like other electronic equipment, re- 
quires a high vaceum for successful operation, Within the vacuum chamber elec- 
trons are emitted from a cathode, focused into a narrow beam and accelerated to a 
high velocity by a d-c voltage between the cathode and anode, A hole in the anode 
permits some of the high speed electrons to continue between one or more pairs of 
deflecting plates and then impinge upon a photographic film or fluorescent screen, 


The Dufour type CRO was first used in this country in 1924 and for a good 
many years was the only satisfactory tool for measuring transients lasting but a 
few microseconds, In this type, the vacuum chamber can be opened up for changing 
of films and the deflected electron beam produces its record directly upon the film ~ 
with action similar to that produced by a light beam, The changing or moving S 
along of the film has to be done by some mechanism operating through a ground joint 
or sylphon bellows, Usually a similar mechanism is used to interpose a fluorescent | 
screen which can be viewed through a glass window, The operator makes adjustments 
of the oscillograph and impulse circuits while observing the screen and when all 
is ready, the window is closed, the fluorescent — screen turned back, the film moved 
into position and the exposure ‘taken, 


While the DuFour CRO, when properly constructed and operated, is unsur— 
passed for writing speed, rectilinearity and accuracy, the vacuum system makes it 
time consuming and often troublesome, In additon, simultaneous viewing and exposure 
of film are not possible, These drawbacks are overcome by the external photographing 
of the fluorescent screen at the face of a high speed CRO tube, Improvements of the 
intensity of the trace, and the speed of lenses and film, permit overall writing 
speeds satisfactory for recording of impulses such as produced in the high Voltage 
Laboratory, Consequently, the continuously evacuated CRO has Bocn superseded since 
1948 when operations started in the new laboratory, 
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Seponatic Circuit ef HC-25-A2 CRO 


A simplified diagram explaining the HC-25-A2 oscillograph is shown in 
Figure 6,1, The heart of the instrument is the DuMont type 5RP11 CRO tube 
which employs positive post anode accelerating voltage to increase the velocity 
of the electrons (and the intensity of the trace on the fluorescent screen) as 
well as the usual negative voltage on the cathode, The positive voltage is split 
up into three equal parts and applied to conducting rings on the inside of the 
glass envelope, The fluorescent screen and adjacent ring are at the maximum 
positive voltage and for safety a sheet of lucite is always interposed between 
the face of the tube and opening to the camera head, This protects the operator 
from dangerous voltage and flying glass in case of tube breakage, as the tube 
is frequently observed with the camera head removed, 


The +21 and -4 Kv power supplies for the voltage divider at the top of 
Figure 6,1, and also lower voltage power supplies for the various electronic 
circuits, are all obtained from rectified sixty-cycle current supplied from an 
ajc voltage stabilizer to make the operation incependent of fluctuations on the 
115 volt line, 


Assuming all controls are set properly, and the impulse generator is 
charged up, the automatic sequence of operations in recording an impulse is as 
follows 


1, The IMPULSE push button opens the solenoid operated shutter between 
the camera and the CRO tube face, 


2, When the shutter is fully open it closes a microswitch which -- 


3, Hmergizes the time delay chassis, This sends out initiating 
| pulses in two directions, 


4, The first pulse goes through a one microsecond delay cable and then 
energizes the sweep chassis to supply the sweep voltage to the hori- 
zontal plates, 


The time delay of the second pulse is coordinated with the sweep 
speed so that, irrespective of the SWEEP dial setting, approximately 
the same poaeat of zero line is obtained before the impulse generator 
is tripped, The delay does not affect the magnitude or shape of the 
pulse, These are always the same so as to provide Cone ce trip~ 
ping of the impulse generator, 
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6, The sweep chassis send out wniformly varying pulses of opposite 
polarity to the balanced sweep deflecting plates, which are al-~ 
ready biased so as to start the sweep at the left hand side of 
the tube face, Then as the voltage across the plates gradually 
changes (and ultimately reverses) the electron beam is swept 
across to the other side of the tube face, At the same time a 
square positive pulse of the same duration turns on the electron 
beam (normally biased to extinction) and turns it off when the | 
sweep is over, 


7, The voltage divider of the impulse circuit is located across the 
test sample being impulsed, and a fraction of the total voltage 
is fed through a cable to another divider and tapped resistor 
(RVD in the oscillograph) which delivers a still smaller fraction 
to one of the line vertical deflecting plates, In very rare cases 
a capacitance voltage divider is used with the SELECTOR Switch on 
CVD, In this position the deflecting plate is connected directly 
to another cable and the resistance taps on the VD dial are in- 
operative, (See Chapter 4 for details about dividers), 


Up to this point the sequence of operations has been automatic 
after pushing the button, Subsequent calibrations of the os— 
cillogram can be taken by pushing the CALIBRATE button (omitted 
from Figure 6,1 for simplicity), Successive exposures can then 
be taken, if desired, with the SELECTOR switch turned to DC VOLTS 
(Calibration) and KC (oscillator timing wave) positions, As many 
trial shots as needed of impulse, calibration or timing wave can 
be observed without film exposure if the SHUTTER switch is turned 
to the off position and the operator can observe the fluorescent 
screen through the viewing ports, By keeping his head close to 
the ports he can also observe the recorded shots without fogging 
of the film, 


Details 


of Operation ~- Starting up CRO 


The foregoing explanation and Figure 6,1 are considerably simplified, 
Further details can be obtained from the instruction books which are made 
up for each oscillograph, The actual steps in starting up an HC-25~A2 CRO 
are listed below, Figure 6,2 shows the location of al] the controls and also 
the ne and recording head, 


1, Be sure all toggle switches and HV RHEOSTAT are in "off" position, 


2 


2. Close MAIN and FIL, switches and wait until the time delay relay 
closes (about 30 seconds required to warm up the rectifier tubes 
to operating condition, ) 
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3, Close in order 300 V, 850 V, and 25 KV switches, 


4, Turn up slowly (5-10 sec, total time) the HV RHEOSTAT, making sure 
the tube does not glow, until it is all on, This prevents sudden 
changes in the high voltage circuits and eliminates bright flashes 
of light on the tube screen which cause screen charges producing 
erratic deflection sensitivity, The rectifier tube life is also 
lengthened by the elimination of sudden loads, When turning off the | 
oscillograph, the HV RHEOSTAT is slowly turned back to the “off" 
position and then after waiting for 10 seconds the 25 KV, 850 V, | 
300 V, FIL, and MAIN switches are turned off in the order listed, 


INTENSITY AND FOCUS Dials 


These operate similar to those on the conventional oscilloscope with the 
difference that in the HC-25's the CRO tube is biased to beam extinction except 
when momentarily pulsed from the sweep chassis, It is customary to try out the 
proper setting of these dials by observing a timing wave, First, Table 6,1 
should be consulted as mentioned below, 3 


SWEEP AND KC Dials 


The SWEEP dial controls the speed at which the beam is swept horizontally 
across the screen, The KC dial selects the frequency of the oscillator timing 
wave applied to the CRO deflecting plates when the SELECTOR dial is set on either 
the plus or minus KC position, Table 6,1 gives the best settings, for these 
dials, for the different impulse waves to be recorded, The table also gives 
the proper camera f~stop to use, 


HORIZONTAL BIAS Dial 


This control serves to hold the spot at the left side of the tube face 
until the sweep starts, It should be adjusted so that the sweep line starts 
at the edge of the fluorescent screen and any positioning of the impulse wave 
is done with the TIMING control, 


IMPULSE and CALIBRATE Push Buttons 


Once the SWEEP and KC dials are set, the INTENSITY and FOCUS can be tried 
out by pushing the CALIBRATE pushbutton, This operates the oscillograph but 
does.not send out a pulse to the trip generator, The OPERATE pushbutton sends 
out the trip pulse to fire the impulse generator in addition to doing the same 
as the CALIBRATE button, 
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SHUTTER Switch 


In the row of switches below the push buttons the SHUTTER switch is the 
only one turned off or on after the CRO is ready for use, It controls the sole- 
noid operated shutter in the camera head and should be on for film exposures and 
off at all other times, If the SHUTTER switch is ON the CALIBRATE or IMPULSE 
pushbutton merely opens the shutter and as it opens wide the shutter contacts a 
microswitch which starts the rest of the automatic sequence of operations, If 
the SHUTTER switch is off, the sequence starts directly from the pushbutton and 
the microswitch control is not needed, The proper positioning of the SHUTTER | 
switch is very important, This means on when records are to be taken, and off 
at all other times, There need be no doubt about the operation of the shutter 


as its operation is distinctly audible, 
SELECTOR Dial 


This dial permits the CRO deflecting plates to be connected to the fol- 


lowing: 
Dial Point CRO Plates to 
+CVD Capacitance Voltage divider 
+DC DC Calibration from DC Volts 
dial 
+KC Oscillator timing wave from 
| KC dial 
+RVD Resistance voltage divider 
from VD dial 
-RVD 
| : same as above but with deflecting 
—DC plates reversed to make the de- 
flections in the opposite direction, 
-KC 3 Used for negative impulses, 


=CVD 
VD ~ Voltage Divider Diai 


This changes taps on a resistor in the CRO to vary the deflection, 
Chapter 4 should be consulted for details about capacitance or resistance 
voltage dividers, The over-all ratio should be chosen so that the crest 
deflection is from 1,5 to 2 inches above the biased zero line, This corresponds 
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approximately to impulse crest voltages at the deflecting plates of 300 to 400 
volts, This procedure gives ample deflection without danger of going beyond 
the camera field of view or into the outer portion of the tube face where the 
co-ordinate system is no longer reasonably rectangular, 


DC VOLTS and DC POLARITY Dials 


When the SELECTOR Dial is on + or - DC, a DC calibrating line can be taken 
at any voltage between + and - 500 volts (in 100 volt steps), It should be noted 
that the + or = on the DC POLARITY refer to the polarity of the calibrating volt- 
age with respect to ground while the + on the SELECTOR switch means a + voltage 
will give a deflection above the center of the CRO tube face, The DC POLARITY 
should always be the same as the polarity of the impulse being recorded, and it 
is standard practice to use negative settings of the SELECTOR switch for negative 
impulses so that all impulses are recorded above the zero line, Of course, the 
polarity of the impulse generator should always be recorded in the data book as 
the oscillogram will not indicate it, 


VERT, BIAS Dial 


It is customary to bias the zero line about one inch below the center 
of the tube face so that the area can be used more effectively, This corresponds 
to a VERT, BIAS setting of 3 for positive impulses and 9 for negative impulses, 
For highly oscillatory waves, such as the discharge current of an impulse genera~ 
tor, it is best to use VERT, BIAS point 6 which is at ground potential, and gives 
no bias at all, 


The equipment in the Time Delay Chassis, in combination with the 1 micro- 
second fixed delay cable, gives control over the amount of zero line recorded 
before the impulse wave starts, The optimum zero line should extend from the 
left side of the screen 3/4 inches before the impulse wave starts, for reasons 
listed under the VD Dial heading, An R-C charging circuit, in the time delay 
chassis, delays the pulse to the trip generator behind the pulse sent toward the 
sweep chassis, (The shape and magnitude of the trip pulse are kept constant 


to give consistent impulse generator tripping,) Both the resistance and capacitance 


in the R-C circuit are variable, The resistance taps are automatically changed 
by the SWEEP dial so that for a given capacitance setting the amount of zero line 
is substantially constant for all but the faster sweep speeds, The TIMING Dial 
adjusts the variable capacitance and makes the zero line longer or shorter for all 
sweep speeds, 


When measuring times of the order of 1 microsecond the time required to 
spark over all the impulse generator gaps becomes appreciable, If the gaps 


Oo or 
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and ultra violet light source are properly adjusted as recommended in Chapter 3 

the time elapsed from sending out the trip pulse to the arrival of the wave to 

be recorded will be in the order of tenths of a microsecond, Without a delay 

in the sweep circuit this would give very long zero lines for fast sweeps even 

with no delay from the time delay chassis, To avoid this, a 1 microsecond delay 
is put ahead of the sweep chassis and then the TIMING dial can maintain the desired 
short zero line for any time lag in impulse generator firing up to 1 microsecond, 


TRIP POLARITY Dial 


For normal use the TRIP POLARITY dial is always sét positive and the oscil~- 
lograph will not work when it is in the negative position, Since the negative 
position is for a very special application, its use is not described here, 


Viewing and Recording 


The fluorescent screen can be observed directly, when the camera 1s removed, 
or at any time through the double viewing ports, The only precaution is to keep 
the observer's head close to the rubber flanges when the both shutters are open, 
Whennot observing, the manual viewing port shutters should be left closed, 


The 35 mm f1,5 cameras are properly focused when screwed on to the camera 
head, When the camera is mounted it is impossible to see the f-stop index and 
to be sure whether the shutter is open or closed, It is therefore customary to 
open the shutter and set the aperture before mounting the camera on the head, Of 
course, a new frame should be turned up for the first record, After the last 
record a fresh frame is turned up and the camera removed before the shutter 
is closed, By this procedure there is no doubt whether the exposures were taken 
with the shutter open or closed, Super XX 36 exposure film rolls are used and after 
exposure they are processed according to directions posted in every dark room, 


Calibration of Records 


it is customary to take at least one DC voltage and one timing oscilla- 
tor calibration on each roll of film or series of tests requiring less than one 
roll, A record is keptof the calibrations, and as long as they check previous 
calibrations the operator knows all is well, If they do not check the supervisor 
should be notified at once, Trouble shobting is dangerous for those who are not 
completely familiar with the circuits and should not be attempted without com— 
petent guidance, If the KC calibration seems off the frequencies are checked with 
a wave meter, This is dangerous as a side panel must be removed and the high 
voltage circuits are exposed, If the DC calibration is off the current in. 
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the standard resistors can be checked by plugging a milliammeter in the single 
phone jack of CRO's 2, 4, and 5 or lower of 3 jacks in CRO 1 and 3, The current 
should be 2,5 ma and can be adjusted with a screw driver (near the DC VOLTS dial), 
On CRO's 1 and 3 additional checks can be made on the bleeder currents in the 
high voltage circuits, The upper jack is in the +21 Kv circuit and should read 
approximately 0,7 milliamp and the middle jack is in the -4 Kv circuit and should 
read approximately 2,8 milliamp, Great care should be taken, when using a plug, 
to make sure the ammeter circuit is continuous, Otherwise high voltages are 
brought out through the plug, | 


As mentioned before, the oscillator frequencies to use for various sweep 
speeds are listed in Table 6,1, The DC calibration voltage should be set at 300 
volts of the same polarity as the impulses being recorded, 
ph_ No, 5 


HC-25~A2 Oscillogra 


This oscillograph was built in the High Voltage Laboratory and is quite 
similar to the other two which were built in Schenectady, The SELECTOR switch 
has two extra positions marked +RCD and -RCD and there is an extra voltage divider 
dial marked CD located above the VD dial (with the HV Rheostat dial located above 
the INTENSITY dial), The tapped resistor controlled by the CD dial is similar to, 
but higher in resistance than, the one controlled by the VD dial, It is used to 
measure current from high impedance sources and has its own cable connection at 
the rear of the oscillograph, 


HO~25-A3 Oscillographs 


The HC-25-A3 oscillographs have two CRO tubes, two cameras, and individual 
controls where required, One tube (right hand in No, 2 and left hand in No, 4) 
is used to measure voltage in the usual way and ordinarily the other used to 
measure current, although it could be used to record the same voltage at another 
divider ratio or sweep speed, The VD used for the current CRO tube is too high 
in impedance and does not match the incoming cable, and if simultaneous measure- 
ments of the same impulse are required, with different divider ratios, the normal 
VD associated with the current tube should be replaced with one which does match 
the cable, 


_ The controls common to both tubes are those marked TIMING, KC, DC VOLTS, 
DC POLARITY and TRIP POLARITY, and there are for each tube individual controls 
marked INTENSITY, FOCUS, SELECTOR, VD, SWEEP, HOR, BIAS, VERT, BIAS, ‘There is 
a single SHUTTER switch on the main panel but, in addition, there are individual 
shutter switches on the under side of the camera head, The timing circuits are 
associated with the tube which measures voltage, The current tube has higher 
resistances in the taps controlled by its VD dial similar to those for the OD 
dial of the HC-25-A2 CRO No, 5, 
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Sweep Approx, _ 
No, Microsec, 
Duration 
1 1.0 
2 2.5 
3 650 
b, 15 
y 30 
6 80 
i 150 
8 — 400 
9 1000 
10 2000 
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Proper 
Timing 


Wave KC 


5000 


1000-5000 


1000 
500 
100-500 
100 
50 


10-50 


TABLE 6,1 


Camera 
Opening 
i? 
f2,8 

| £4,,0 
f1,,0 
f4,,0 
f4,,0 
£1,0 
£40 
fh, 0 
fi,,0 


f1,,0 


Chapter 6 
Page 9 


Front Chopped Full 
or : 
x 
x x 
x x 

x 
x 
x 
x 
Long 
Duration 
Waves 
Only 


PPE ETT Hee OE eee 
‘ ~<a, oe ty 3. ee ce ae ‘i 
Ph PTE SE hy tee . 


gh Sener? 


- BLLRZg6-H. 


“eprate “say. ae. 
acting ree atqes 
peek ba, = AA TORR 
bade 


g | sere requoztsoy 


\ 
. 4% 
SS ; ee 
a 
? 


inated eeebieeieentieemetetane seen dinlanesatmenm eae tee 
y ‘ 


Prercericr GaivIOOSSy any HdVaHOTITOSO Fr HUOHLVO lie om 
Ser ee (past gt) 


2 + Toaquoes 


Aqysuequy 


AIG ATOR 


" g0getsey eel 
SOTAr ee a 


“(uegera” 
pesteAer 
Tae. oS 
_gueTytsod 
"| BLOW fy). 
Mg dojoaptag ~ 
eae oo: 


on eres 


“*s8y 


Tegeg | 


g13TOh 


Torg,u0ey 
gnoeg 
Pos ae TSINOE a0 TeoT den 


_ BYLOM PT 


LOPTATC 


net 


mee i EE BA 
fo SOB BATON 
Ss gg pedeus 


Sa4etd. 
(deemg)  _— sagetg 


|. stssvao| 
roar 
— aSaMs 


YD L (os/et/t). 22Tunoag “T 


: ‘estng. 


Augeduos 


Hed semua UTS ssuty yoTuM 
ce : Be tah Be oF STARS © 


- (pextal | stsseup 
pace 0 ORR detegs 
ee aes OMT, 


- Yeedog 
‘qQueosetonTy 


‘OTL VOTS 


as 


Oe On ee ATOR 
oat 


£203220981 Sutzesursug. aeeerae uzTH 
es [eaousp - 


SH 3D 40 WVEDVIC ‘MOOT “°T ate 


ysng 


lzeqqgnyg.- 
. pus 
Stay: 
~~ UATe 
BleweD 
um Ge 


But 4 erado 


TTS 


ae ‘ bs * 

ed ° er 

Bees « : ; 
—, 

2 if 


Res 
; ea r 
«geal 


* Mie. 6.2. Location 
ef Controls and . 
a 8 8€§©§=6S—t(‘(< CMA ON HCO-25-~A2 
P & Cathode Ray 
E - Oseillograph 


Viewing 
Ports 


LV. REBOSTAT 


Snr meee 
BEY, @ 


"SELECTOR ee Se 


re | x 


co es - WERT. BIAS. swe ¥OLAS De POLARITY 


_ 3000 850V 26 RV tse calten 08 SHUTTER FIL. MAIN. 
mB oc o eo) Gn e 

pay: Ba Go ——— Bh 30k ee 

oe igh Val Electric Company Pittsfield eae: 

oS Bien V Voltage Engg iaboratory 


wee 


+ ff 30-56. 


bie Sroenlae (1/1050)3 rer HORT TG 


CHAPTER 8 
 A-C EQUIPMENT AND MEASUREMENTS 
HIGH VOLTAGE DEVELOPMENT BLDG. 9 


The need for A-C testing in a high voltage laboratory is self-evident. 
This Chapter describes the sources of power and explains what happens in the 
steps taken by test area operators in making A-C tests, The details of 
motor starting, trouble shooting and very special tests are omitted as they 
are not generally required by area operators. The facilities and operations 
are described as far as possible in the same order as they are encountered in 


a typical test. | 
| 


NG SETS 


| All of the larger test areas can be supplied with A-C from two of the 
three large alternators in the MG (motor generator) room. Figure 8,1 gives 
the approximate location and one-line diagram of the MG sets with field 
circuits and the essential nameplate data, Alternators 1G], 2Gl and 2G2 
are Y connected 3~phase units normally used on but one-phasegline~—to-line. 
Each alternator has 3 sets of stator coils per phase with all leads brought 
out to terminal boards. Connections are clearly shown at these locations. 
The normal connection is in series to give 2300 volts line-to=line but 1/3 
or 2/3 of this voltage can be obtdined (with decreased reactance) at full 
field with parallel or series-parallel combinations. 


1G1 always runs at sixty-cycles and the other two are run at (or close 
to) sixty-cyeles practically all the time but can operate as low as 25 cycles 
with eer reerend imely lower voltage. 


BREAKER CONNECTIONS 


Provision is made to supply six areas with adjustable voltage up to 
2300 volts, The three alternators can be connected through circuit breakers 
to the different areas as shown in Figure 8.2. By means of "Kirk" keys, 
with only one key per altermator and one key per area, it is not possible to 
have closed breakers in parallel, so at one time any one alternator can 
connect to but one area and any one area can connect to but one alternator, 


Cubicles 6, 13, and 18 have permanant breakers which remain closed 
except for servicing. Cubicles 2 and 5 are used only for the three-phase 
arc demonstration, The remaining cubicles have their three power side poles 
connected to their respective Y connected three-phase alternator terminal 
boards, The load sides connect (single-phase only ) to their respective areas, 


The "Kirk" keyed breaker and cubicle system, then, serves to (a) switch, 
(b) direct to proper area without conflict and (c) give overload protection 
to the alternator power, The overload relays are in the alternator cubicles 
6, 13, and 18. When energized they trip the area breaker being used, Before 
an overload tripped area breaker can be closed again the two oval knobs on 


woe 


cubicle 6 (or single knob on cubicles 13 and 18) must be turned to a vertical 
position to reset the tripped relays. 

In addition to main contacts, the breakers have auxiliary contacts 
which connect the closing and tripping circuits, field control, etc. to the 
correct combination of alternator and test area, 


DISCONNECT SWITCHES 


Because a breaker can fail to trip, a second line of safety is provided 
by area disconnect switches. The ones in the Low bay are mechanically inter 
locked with the access gate so that it is impossible to close the switch 
with the gate open or open the gate with the switch closed. 


In the high bay, each area has several gates but only one set of dis 
connect switches per area, They are motor operated and mounted on the west 
wall of the high bay with large targets to make their position easily seen, 
A high bay gate must not be opened until it is certain the area disconnect 
switches are open. (see Page 6s) 2 


snk Request an authorized person to start exciters and MG set, and if 
aGl or 2G2 are used, throw frequency control to the proper area, 


«. Make sure no one is using the alternator and that no breaker is elevated 
in a cubicle connected to your alternator, except the one to supply your area, 
Although it is impossible to close two breakers to supply two areas from the 
same alternator, it is possible to have two breakers in elevated position 
which prevents proper operation, 


3. Check if alternator terminal board connections are correct and tight 
and change if necessary. The main field switch is interlocked with the terminal 
board fence, There is a small residual voltage so gloves should be worn to 
change terminal connections if the alternator is running. Figure 8.3 shows 


schematically how the exciter field switch A must be in "change field position" 


when opening or closing the alternator field switch B, This prevents opening 


or closing the alternator field switch while the exciter has its own field 


excited. Close both field switches after making terminal changes, 


4, Glose the two small circuit breakers on the front of the area control 
panel, These supply de for field control and ac for meter lights and miscella- 
neous ac control (see Figure 8.3.) : 


5. If using 2G1 or 2G2, close field switch to check frequency (before 
closing the breaker). The authorized person who starts 2Ml will leave it 
at about the right speed and will throw the frequency control on cubicle 32 
(in MG room) to your area, Frequency is adjusted by plugging a 55-65 cycle 
meter into frequency meter jacks in the control berth meter compartment and 
applying full excitation (both rheostats fall clockwise), This applies 
approximately 115 volts to the frequency meter with series connection of the 
alternator coils(20:1 pot. used) but only 38 volts with parallel connection, 


This is enough to give less than 1/2 cycle error, The frequency is adjusted 


by momentarily throwing the ere reuey control switch in the required direction, 


oo 3 oa 


This actually increases or decreases resistance in the 2M1 driving motor 
field, See Figure 8.1. On the panel of Area 7, which can get power from 
2G1 or 2G2, there is a small toggle switch to throw the frequency metering 
jacks to the machine desired, Do not give the frequency control switch 
more than two or three brief throws without definite assurance, by frequency 
meter reading, that the frequency is not going too high, If it greatly 
exceeds sixty-cycles, an overspeed device trips out the motor and it is 
then necessary to wait until it coasts to a stop before it can be started 
again, If no frequency meter reading is obtained after checking selector 
switch in MG room (and Area 7 if in use) notify your Supervisor. 


Caution: Always pull. plugs out of frequency meter jacks (or the parallel 
generator volts jacks) before touching meter terminals as this supply (never 
over 120 volts) is not interlocked with the meter compartment cover. Step 5 
is omitted with 1G1 since it runs at synchronous speed, 


5, Before closing the gate, the operator should be sure the area is 
free of personnel, all ground sticks removed and the high voltage connection 
to the test specimen has adequate clearance, When closing the gate and gate 
plug, make sure the yellow light goes on, If not, notify your supervisor 
at once, 


7. Next, close the disconnect switch and a breaker close button. The 
breaker button energizes that breaker closing coil by means of auxiliary 
X-Y relays, As soon as the breaker closes, it latches in mechanically, and 
voltage is removed from the closing coil. "The area and control panel red - 
lights should go on. If not, trip the breaker, leave the field switch off 
and notify your supervisor, "Push the. adjacent “blocking resistor close button 
along with the breaker close button, Actually this operates a relay to short 
circuit the blocking resistor in the alternator field circuit, 


8. If-lights go on, close field switch and slowly turn rheostat to 
increase the voltage until a reading is observed on voltmeter, Of course, 
the meters must be properly plugged in so that the voltmeter scale selector 
switch throws the transformer 1000:1 tap to correct scale, All readings — 
are taken on the 150 volt scales and so recorded with the correct multiplying 
factor x,25; x.5; x1.0; x2.0 or x2.5 corresponding to voltmeter ranges of 
Pi.9; (3 150; 300 or 375 volts... If a erest reading meter is also being 
used, another deck on the selector switch throws it to similar seales, 
(See. section on Crest Voltage Measurements). 


9, Make A-C tests as required. If the voltage is to be lowered rapidly 
between successive tests, it can be done by pushing the blocking registor 
trip button on the front of the meter compartment. This rapidly opens 
contacts across a high resistance in the alternator field circuit, At the 
Same time, the field rheostat should be turned to the minimum voltage position, 
This method Should be used to save wear and tear on the breaker unless the 
supervisor authorizes the faster breaker tripping for a special reason, In 
such cases, and also whenever a test series is finished and the gate has to 
be opened, "the eireuit breaker is tripped by the trip button, If extremely 
rapid opening is needed, the Thyratron Trip Circult of Figure 8.4 is used, 


a —_ 


> 


10, At the end of a test, or whenever the area must be entered, turn 
the field rheostat to minimum voltage position, turn off the field switch 
and push the breaker trip button. 


Important: If the red lights remain on after pushing the trip button, 
operation of the Thyratron Trip, or opening a gate, one operator should 
immediately open the field switch at the control berth and stand watch that 
no one enters the area, Another operator should open the field switches 
above the alternator terminal board, Then he should open the breaker 
cubicle door, and if the breaker is closed, try to trip it using a stick or 
insulated tool, as the solenoid and plunger may be hot, Then he should 
notify the supervisor, 


VOLTAGE CONTROL AND MEASUREMENT — HIGH BAY AREAS 


High and low bay operations are the same except for the disconnect 
switches, Steps 1-6 are the same, Assuming all gates and safety elireults 
are closed the remaining operations should be done as follows: 


A, Operator pushes breaker eloge button. This nienes a 
115 volt A-C circuit which: : 


Be Gloses the motor operated area disconnect switch on 
west wall, Auxiliary contacts close a time delay circuit 


@ 7 which: 
| C. Closes a D-C circuit (equivalent to that done by the breaker 
. elose button in low bay) which closes the circuit breaker 
' (See Figure 8,3). The red lights will be on if either the 
disconnect switch or breaker is closed, When the red lights 
go on a blocking resistor close button should be puehod, Steps 
8 and 9 are same as for Low Bay, 


10, At the end of a test, or whenever the area must be entered, turn 
_ the field rheostat to minimum voltage position, turn off the field switch 
and push the breaker trip button. : | | 


This a) Trips the breaker and austin breaker contacts 
b) Energizes ‘the motor to open the disconnect switches. 


important: High Bay Areas do not have the protection of mechanically 
interlocked disconnect switches, If a circuit breaker fails to trip because 
of mechanical trouble orgpen trip coil, the disconnect switch will not open 
and power will not be removed when a gate circuit is opened, 


Always: Observe that red lights go out and disconnect switches open before 
entering a high bay area, 


if the red lights remain on after pushing the trip button, operation 
of the Thyratron Trip, or opening a gate, one operator should immediately 
open the field switeh at the control berth and stand wateh that no one enters 
the area, Another operator should open the field switches above the alternator 
terminal board, Then he should open the breaker. cubicle door, and if the breaker 
is closed, try ig trip it using a stick or insulated tool, as “the solenoid and 
plunger may be hot. Then he should notify the supervisor, 


i 
BoD: 
i 


SPHERE GAP CHECKS - REFER TO CHAPTER IV 


TROUBLE SHOOTING 


The following examples are of the type the area operators should perform, 
Unless specifically authorized, they are not expected to work inside cabinets, 
eheck wiring, repair circuit breakers etc, 


If there is no voltage indication:- 


A. Mz room checks, Make sure: 


a) 


b) 


¢) 


d) 


e) 


f) 


Alt, and exciters are running. 
Both field switches above alt, terminal board are closed. 
Circuit breaker is in proper cubicle and keys turned. 


Overload oval handles on cubicles 6, 13 or LE are in - 
vertical position, 


Circuit besales close: If, after all checks, it will not 


elose try another breaker, 


Link nuts on terminal board are tight. 


B. Gontrol Berth checks, Make sure: 


a) 
b) 
¢) 
d) 
e) 


115 volt A-C and 125 volt D-C breakers below meter ie neny 
are on. 


Meter compartment and all gates are closed and yellow lights on, 
Field switch is on, 
Blocking resistance is shorted, (Push close button), 


Voltmeter is plunged into jacks, 


CG. Area checks, Make sure: 


a) 


b) 


¢) 


Ground sticks are all off. 


No short is in sample, At low fields there will not be an 
overload tripout. Remove HV lead if in doubt. 


Fuse is not blown in voltmeter circuit at top of test 
transformer, 


MISCELLANEOUS TROUBLE 


In the back right hand side of each brecker cubicle is a small switch 
whose roller handle is lifted up (to close the switch) when a breaker is 
elevated into position in the cubicle, This switch closes two relays in 
cubicle 19 to make necessary auxiliary contacts, If meter compartment 
lights go on without switch, and/or blocking resistor controls are in- 

operative, there may be two breakers elevated into position or possibly 
the proton switch is stuck i for help if this seems likely). 


RESONANCE 


Inductive or resistive loads produce voltage drops in A-C circuits : 
but capacitive loads give corresponding voltage rises, Our HV transformers 
have considerable inherent capacitance from the HV windings to tank and 
core, Certain combinations of alternator connections and total capacitance 
load can produce serious resonance over-voltages, against which the operator 
should be alert, Curve 176HA566 (2 sheets) give approximate combinations 
which will give over-voltages in the range of 20 to 100 percent for one or 
more of our 350 kv transformers. Combinations giving up to 100% overvoltage 
are permissible providing the field excitation is kept sufficiently low so 
that no more than rated voltage appears on the alternator or transformer. 

Be sure to Start off with minimum field. 


© - Maximum resonance occurs when Xin = Xg. When this point is passed, 
with Xin less. than Xg (very large capacitance load), the resonance effect 
decreases and can BE calculated from Sheet 2. Such rises are not tabulated 
on Sheet 1 as these very high capacitance loads seldom occur, 


VOLTAGE MEASUREMENTS USING CAPACTIANCE DIVIDER OR BUSES TAP 


With a single testing transformer, the voltage measured at the voltmeter 
tap ordinarily is a faithful fraction (usually 1/1000) of that.at the hich 
voltage terminal. With very heavy capacitance loads, or lighter loads with 
cascade transformers, the ratio is dependent upon the load and more accurate 

measurements can be made with a capacitance divider. The high voltage end of 
the divider can be a conventional capacitor or the Cy, part of a high voltage 
bushing having a suitable tap. Care should be taken that the load of the 
measuring circuit is not large enough to upset the voltage ratio, Since 
such measurements are not made in all areas, the details are omitted here 
and made available in the appropriate: area books, 


AC TESTS IN AREA 8 


Prior to 1959 the test transformer was energized from an induction 
regulator connected to the 230 volt bus that also Supplied the Artificial 
Transmission Line.in Area 15. There were severe dips in the voltage every 
time the artificial line was charged, Early in 1959, a GE voltage stabilizer 
was installed which eliminated the voltage dip but did introduce harmonics 
in the wave. The worst of the harmonics are taken out with a filter and 
heating unit load. The remaining harmonics are not too objectionable. and 
considered the lesser of the two evils, There was also installed a motor- 
driven powerstat so that several rates of voltage rise can be obtained; Since 
this is a rather special test the details are omitted here and = Menon UP in 
the area book, : 


420 CYCLE TESTING 


This is also a very special kind of testing requiring elaborate safety 
precautions and is written up in Area 1 and Area 2 books, 


Alternators 1G1, 2G1 and 2G2 have a good voltage waveshape when lightly 
loaded and the crest voltages are substantially 1.41 times the rmsisreadings, 
In many tests the waveshape at the test transformer output also is close 
to a sine wave and only rms readings need be taken, Transformer magnetizing 
eurrents and other non-sinusoidal currents, such as caused by corona or 
Thyrite loads, cause non-simusoidal voltage drops in the voltage source and 
transformer, and thereby distort the voltage wave, Capacitance loads may | 
change the phase relations and emplasize harmonics. Induction voltage 
regulators (Inductrols), because of their high and variable leakage reactance, 
are likely to give worse distortion than alternators when they have to supply 
a non-linear load, 


Whenever, there is doubt about the voltage waveshape a specialist should 


be consulted and he may suggest comparative readings of crest and rms voltages 


and possibly waveshape measurement (with due safety precautions) with an 
oscilloscope, Actually the crest meters read 0.'707 times the crest val ue 
so that rms and crest meters should read the same on a sine wave, If the 
rms and crest readings differ by more than 3%, the crest readings should be 
recorded, along with the rms values, since dielectric test results are more 
dependent upon crest voltages than rms values, and the crest reading should 
be used in the report. 


OTHER AC MEASUREMENTS 


Other seldom used methods of measuring ac voltages are described in 
ATEE Standard No. 4. 
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Figure 8,1 - One Line Diagram of High Voltage Development Mi Sets 
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CHAPTER 9 
TESTING PROCEDURES 
PART J ~ COIL TESTING 


Preliminary Set _ 


A. Position coil and bushing so that all leads have sufficient electrical 
clearance (both for impulse and sixty-cycles), but are convenient to handle. 
Bear in mind that an observer should have a reasonably unobstructed view of the 
coil, 


B, Check leads for proper length. (They should reach into bushings). 


C. Attach a ground Lead to the clamping plates if one is not already 
installed. If there is a ground shield, ground it through a large diameter 
lead or heavy braid to prevent it from riding up during test. 


D, Using Megger, check resistance of clamping plates to ground, clamping 
plates to H.V, and clamping plates to L.V. These resistances should be in the 
order of Megohms. | 


KE. Fill tank with deaerated oil from the top using a bell on the end of 
the hose and being careful not to force air bubbles into the winding. Do not 
gn EN Rhrough the bottom drain valves. : 


Set Up For Testing . 


A, Transient analysis for circuit constants, If no identical coils have 
been tested, impulse circuit constants must be obtained by a transient analyzer 
study. L.V. winding leads are usually terminated by resistance to prevent the | 
L.V. winding from rising above 50% of its BIL by electromagnetic and electrom= | 
static transfer (consult with specialist). Refer to specialist for proper 
operation of the transient analyzer or obtain assistance of T.A. group. Pro- 
tective gaps are placed in parallel with the terminating resistors (90% of 
Winding BIL), Tabulation of spacings to be used can be found in Area books. 


Be Using GR bridge measure capacitance between H.V. winding and the grounded 


‘LV. winding, clamping plates, and tank to determine what capacitance load the 


unit will represent during sixty-cycle tests. 
C. Take complete oil sample (syringe and VDE check). If oil tests below 
20 kv on 81 mil VDE gap, consult area its (Use a test cup located in the 
test tank), 
=D. Choose a neutral current shunt that will give a reasonable deflection | 
on the CRO, This should be determined during transient analysis of the coil. 
Use the special non-inductive shunts with no shunting capacitor, If tryout waves 


E, For electrometer circuit and setup, see 53TP1829, 


F, For ultrasonic circuit and setup, see 52TP13. 


@ 


G. Complete impulse circuit is shown below. 


cf 


terminating Resistance 


Protective 
Gaps 


Electrometer 


{Lh 


Tank Lip — = 


Figure i. 
H. Check the following before applying voltage, 


1. Channels grounded, 

2. Bushing's flange grounded, 

3. Protective gaps get for correct spacing, 

4. Clamping plates grounded. 

>, Electrical clearances ok - things like ultrasonic probes can 
be pulled into winding by electrostatic force during test, 
6; Oil quality ok. 


Testing 


A. The order of testing is as follows unless otherwise specified by 
specialist or engineer: 


1. 35% impulse level - (FW only to determine waveshape). 
2. 50% impulse level - (FW only for waveshape comparison), 
3. 70% impulse level = (SF, CW, FW in order), 
4, 70% sixty-cycele level. 
5, 80% sixty-cycle level. 
6, 80% impulse level ~ (SF,,CW, FW in order), 
7. 90% impulse level - (SF, CW, FW in order), 
8. 90% sixty-cycle level. 
9. 100% sixty-cycle level. 
Vovccecocvcvce and So on until breakdown. 


impulse check waves 


Calculate circuit regulation from Analyzer Data, 

Calculate divider ratio and check against ratio sheet used, 
Fire generator to check waveshape and crest voitage visually 
but record voltage and current waves, 


Impulse Check Waves 


Record and check amplitude and waveshape of current wave. This 
is important as this current wave will be reference for deter= 
mining failures on higher levels, 


Take voltage and current wave oscillograms (current on sweeps 7 
(170 us) and 4 (15 us), voltage on sweeps 6 (80 us) and 4 (15 us). 
These should be taken on VD tap 11 and RCD 50% tap. 


If SF are required, take voltage on sweep 3 (6 us) 550 BIL and 
above, sweep 2 (2 us) 450 BIL and below. 


Develop and read up 50% waves, 


Check regulation against analyzer regulation. If different, 
consult specialist. 


D, Higher Voltage Impulse Levels 


1, 


Steep-Front 


a. Calculate SF charging voltage and rod gap spacing in 


b, Ghoose an R, tap that approximates the SF crest voltage 
when using VD tap 4, Use this Ry tap for all SF impulse 
levels and vary only the VD tap. Tail oscillations of 
the SF wave then can be directly compared with those of 
the preceding level. 


or 


Choose an R, and VD tap so that 70% SF gives approximately 

200 V deflection, Use this R, and VD taps for all SF 

levels up to 140%. For levels greater than 140% use the 

same VD tap to eliminate a change in CRO response and reduce — 
R,. Oscillations and jogs on front of SF wave can be directly 
compared with those of the preceding level. 


c, Short LV.terminating resistors neutral current shunt, and 
electrometer if used. 


d, Calculate crest deflection in proportion to the 300 V DC 
line, If SF's are known to be low from visual observation, 
repeat SF's before going to CW, If SF's are found to be 
low after the level is completed repeat the SF's and follow 
by FW and FWC, 


a eee aang eA Re 


EB. 


Ce 


ee 


Before applying the steep front waves, firing of the genera- 


- tor should be tried at the charge desired, This can be done 


by grounding the lead under test and firing the generator a 
few times, The trace on the voltage tube should be observed 
at the same time to determine whether or not the firingsof 
the generator occurs at or near the beginning of the 
oscillograph sweep, When it fires onsistently near the 
beginning of the sweep the ground can be removed and the 
voltage applied to the sample, 


Ghopped Wave 


ae 


Calculate charging voltage, rod gap spacing (3-5 us chop) 


and crest deflection, (For rod gap spacing, correct 


voltage for RAD and 0.3 of humidity correction). 


L.V. terminating resistors and neutral current shunt un- 
shorted, 


Take voltage and current oscillograms (sweep 4) checking 
chop time, 


If chop time is short, open rod gaps and repeat GW's, 
If only the chop time of second CW is short, do not 
apply additional waves unless the level is 100%, 


Full Wave 


L.V, terminating resistors and neutral current shunt in” 
circuit. | 


Use sweep 7 on current tube, sweep 6 on voltage tube, 


Develop oscillograms of the level and nareeee with d0f 


waves and waves of previous level, 


General = 


Qe 


Ca 


If corona is noted on the ultrasonic detector, take an 
electrometer reading after each shot of that wave type 
during the level; otherwise, take an electrometer reading 
at the end of each type of wave application of the level, 


After the application of each type wave observe oil 
surface for bubbles, 


Sixty-Cyele Level | 


1. 


Make connections. as shown bellow: 


Sixty=Cycle _ 
Corona Detector 


2. Cheek frequency and apply 1 minute levels, monitoring corona 
on the scope or RN meter and ultrasonic detector, Also during 
tests and/or after each level observe oil surface for bubbles, 
If severe corona is noted during the 1 minute run, discontinue 
testing and consult with specialist before continuing. 


F. Breakdowns 


Le oe breakdown occurs on a full wave, check with specialist as 
to whether more waves are desired. 


oe at breaidown occurs on a SF or CW, apply a FW at that level, 
then check with spent ee. 


3. If breakdown occurs on sixty-cycle, stop testing. c 


Incipient breakdown is most often indicated by a steady increase in 
corona intensity as detected by the electrometer and ultrasound and by slight 
waveshape changes, Complete breakdown is generally indicated by more pronounced 
wavesghape changes and often by audible noises, flashes of light, bubbles, smoke, 
etc, 


The most indicative method of failure detection is obtained by comparing 
neutral current waves for the level in question with those of a lower level. 
This method is very good on FW's but on CW's only if the chop time of the 
voltage wave is within 0,1 us of the reference wave, 


On SF's and CW's oscillation changes on the voltage waves either on the 
front of the wave or after chop are possible, though not conclusive, indications 
of failure. For these changes to be conclusive it must be shown that the changes 
are not due to the circuit. Interpretation of oscillograms is an art, not a 
Sclence, and requires a good deal of experience and critical examination, 


Relative Sensitivity of Voltag: e and Neutral Gurrent LE 


The effect of a short-circuit due to failure within a winding is to 
reduce. the impedance of the winding and to cause a change in the winding current, 
Because of the series impedance- resistance and inductance = between the trans- 
former and the impulse generator changes in the winding current result in changes 
in the voltage wave applied to the winding. The magnitude of the voltage change 
“depends upon the impedance of the transformer winding relative to the main impulse 
circuit. If the impulse circuit impedance is low so that it represents a "stiff" 
voltage source, large changes in the winding current will be required to cause 
a voltage change. In this case voltage failure detection is insensitive, Con- 
versely, if the impulse circuit is of high impedance compared to the winding, the 
voltage failure detection will be good, 


By connecting a shunt:between the neutral (grounded end) of the winding 
and ground, the. winding current flowing from the neutral can be measured and 
recorded on an oscillograph(1). This method is more sensitive than the voltage 
method since it is not dependent upon the "stiffness" of the impulse circuit. 


oe Gee 


However, voltage measurements are still necessary to verify the voltages applied 
‘However, ea 


Saree the tests so it is becoming increasingly common to measure both voltage 


and current using two-tube cathode ray oscillographs., The voltage wave is also 


enerally helpful in confirming and diagnosing failures. 


: The examination and comparison of oscillograms is an important part of 

the failure detection technique. The best way of accomplishing this is to lay 
one oscillogram on top of the other with the waves offset Just enough tO permit 
each wave to be identified. Then the oscillations and relative amplitudes of 
the waves can be readily compared. The best practice is to adjust the sensiti- 
vity of the measuring system so that the amplitude of the reduced wave is 
approximately equal to that of the 100% wave, 


Oscillograph Requirements 


Waveshape comparison requires good oscillographic equipment and technique, 
The amplitude of the wave should be large enough and the focus of the trace sharp 
enough so that waveshape deviations of two or three percent of the crest value are 
discernible. For example, if the crest deflection is thirty units, the focus 
should give a trace width of approximately one-half unit or less in order that 
a waveshape deviation of one-half to one unit can be detected. Consistency of 
the horizontal time axis is also important so that out on the tail of the wave a 
valid comparison can be made, In this respect oscillographs with linear rather 
than logarithmic sweep speeds appear desirable since waves starting at various 
positions on the osecillogram will all have the same horizontal spread, 


Selection of Type and Size of the Neutral Current Shunt 


The neutral current contains three components; capacitive, oscillatory, 
and inductive. The capacitive component exists at the start of the wave and 
is the current flowing through the capacitance between the line and neutral ends 
of the winding. As the capacitance charges it begins to oscillate with the 
inductance of the winding thus producing an oscillatory component. In time, 
the oscillations die out and the inductive component, the current flowing 
through the winding itself, predominates, This is shown in Figure 2A, 


The inductive and oscillatory components, being controlled largely by 
the winding inductance, are affected chiefly by failures. Therefore, these 
parts of the wave shquld have a sizeable deflection. 


The relative proportions of these components vary considerably with 
the design of transformers. In some types of windings the capacitive component © 
is small and the neutral current wave has a shape similar to that in Figure 2A, 
In this ease the size of the neutral current shunt can readily be chosen to pro« 
duce the deflection desired of the inductive component, In other windings the 
capacitive component is large and the inductive component is relatively small, 
This may make it difficult to obtain a sizeable deflection for the inductive 
component because the much higher capacitive component may cause breakdown in 
the measuring system. ) 


One practice which is used in such cases is to connect a capacitor in 
parallel with the resistance shunt thus reducing the capacitive portion of the 
Signal and permitting a sizeable deflection for the inductive component, This 
is illustrated in Figure 2B. Another is to use a clipper circuit to limit the 
capacitive portion to a safe voltage, 


Ae he 


In Figure 2A, a one ohm shunt. is required to keep the capacitive portion 
"on sereen" and the remainder of the wave is quite small, Failure can be 
seen in the first quarter of the oscillograms as evidenced by changes in the 
high frequency oscillations. However, the indications are relatively small, 
By connecting a one microfarad capacitor in parallel with the shunt, it is 
possible to greatly reduce the capacitive "spike" and to increase the shunt 
resistance to 30 ohms, Here failure can be seen as a change in the amplitude 
of the later part of the waves, The capacitor has absorbed the high frequency 
oscillations which showed failure in Figure 3A but has made it possible to 
increase the amplitude of the longer time reactions which reveal the failure. 


Obviously, this is a situation which demands the exercise of good judgement 
and in the case of Figure, 3A improvements could be made. In Figure 3A a 
somewhat larger shunt could have been used thus letting the "spike" increase 
and go "off-sereen" but still keeping it to a safe amplitude for the measuring 
system. This would have increased the amplitude of the entire wave making the 
high frequency indication of failure more noticeable and possibly revealing the 
longer time failure indications, In Figure 3B a smaller capacitor could have 
been used - one that would have allowed some amount of "off-screen" spike to 
develop as discussed for Figure 3A, The longer time failure detection would 
have been about the same but the possibility of detecting failure on the high 
frequency oscillations would be enhanced, 


It is impossible at the present state of the art to establish one fixed 
practice but it is possible to formulate the following general approach to 
the problem. 


1, Let the capacitive "spike" go "off-screen" to the extent that can be 
tolerated by the measuring system, 


2. if the rest of the wave has a satisfactory deflection, proceed with 
the test, 


3. If the rest of the wave is too small use a clipper circuit or add a 
capacitor in parallel with the shunt. The capacitor should be kept 
to the smallest possible value of capacitance, Then increase the 
resistance of the shunt to give a satisfactory deflection for the 
remainder of the wave. 


“The Capacitance Shunt Neutral Current Method (2,3) 


In the case of small distribution transformers and potential transformers 
the high voltage windings generally have many thousands of turns resulting 
in a large inductance compared to powér transformers. In such windings a 
turn-to—turn fault causes very little change in the neutral current, Further, 
because the inductance is so large, whatever change does occur is of long 
duration and has the appearance of a slight shift of the whole wave. There 
are no distinctive short duration wave shape changes and the slight overall 
waveshape shift is difficult to recognize and trust. In such cases the capaci- 
tance shunt method is extremely powerful, The resistance shunt is replaced 
with a capacitor of such size that over the duration of the impulse the capaci- 
tor charges to a voltage sufficient to produce a satisfactory deflection on the 
oscillograph. This deflection should be equivalent to that used for recording 
the voltage wave, Sweep durations of the order of 500 us are used. When a 


turn-to—turn failure occurs the slight long-duration change in the current wave 
is integrated by the capacitor so that at later and later times the failure 
wave deviates more and more from the reduced wave, A bleeder resistance of the 
order of 100 kilo-ohms is connected across the capacitor to bleed off the 
charges between successive impulses, 


In Figure 6 the neutral currents measured with a resistance shunt and the 
waves integrated with a capacitor for an unfaulted and two faulted conditions 
demonstrate the extreme sensitivity of the capacitance shunt method when used 
on distribution transformers, 


In this case the wave obtained with the resistance shunt has a low deflec- 
tion because of the resistance used to terminate the measuring cable at the 
oscillograph, This resistance is in parallel with the shunt and establishes an 
upper limit on the neutral current deflection. The unfaulted capacitance shunt 
wave also has a low deflection, This could have been increased by using a 
smaller capacitor but then the faulted waves would have been off screen, Part 
of the purpose of the particular tests was to observe the magnitude of the 
increase; therefore, the unfaulted wave was purposely held to a low deflection, 


Interpretation of Oscillogram Changes 


Differences between the oscillograms taken at a reduced voltage and those 
taken at the required voltage may indicate - | : 


1, Failure of the transformer, 
2. Ghanges in the impulse circuit external to the transformer, 


3. Changes within the transformer which are not the result of 
insulation failure. 


Failure Confirmed by Physical Evidence 


If at the time waveshape differences occurred, there were noise or smoke 
and bubbles or a visible spark in the transformer, the transformer has failed. 
On the other hand, waveshape differences which are not supported by physical 
evidence require investigation of Items 2 and 3 before deciding that the trans- 
former has failed, If course, unless the cause of a waveshape change can be 
demonstrated or satisfactorily explained the transformer should not be passed, 


Changes in Impulse Circuit 


In investigating Item 2 it is necessary to make sure that the components 
of the impulse circuit have the proper values and that they will withstand the 
voltages applied to them, that there is no extraneous sparking in the impulse 
circuit, that the measuring circuits are not faulty, that the connection to all 
bushings of the transformer are properly made and that the protective gaps on 
the transformer did not spark over. 


Changes Within the Transformer 
Item 3 can be subdivided into the following possible causes, 
a, Effect of non-linear components such as Thyritex which is used 


to limit the voltage that can appear across certain parts of 
windings, 


b, Magnetic effects caused by successive impulse applications 
changing the residual magnetism in the core. 


ec, Static sparking between floating or only partially bonded 
hardware inside or on the tank, For example, between 
unbonded core packets, between wngrounded core and tank, 
or between bushing ground flange and tank where contact 
can be prevented by a layer of paint, Examples of such 
disturbances are shown in Figure 7. 


d. Corona between electrical parts or between an electrical 
part and ground, An example of this is shown in Figure 30 
and 3D. | 


Effect of Thyritex on Failure Detection 


In order to control the impulse voltages which may develop across tap 
sections or series windings, Thyrite* is often installed across these parts(4,9), 
Since the resistance of Thyrite* decreases as the voltage across it increases, 
its behavior at the 100% impulse level will be. different from that at the 50% 
level. This may cause the 100% voltage and neutral current waves to differ 
from the 50% waves. The amount of change varies with the character of the 
Winding and the amount of winding thus protected, A practical, although not 
perfect, method for failure detection in such cases is to apply 50%, 70% and 
100% full waves at the beginning of the tests. These voltage and current 
waves are compared, If there is a change between the 50 and 100% waves then 
the waves are examined further to make certain that the change from 50 to 70% 
and from 70 to 100% is progressive and logical, After this is established the 
remainder of the tests are applied and the final 100% voltage and current waves 
are compared to the initial 100% waves for failure detection purposes. 


An example of this method is shown in Figure 8. Reading from bottom to 
top the waves are 50, 70, 100% without failure and 100% with a failure follow- 
ing the chopped wave tests, There are changes between the 50 and 70% and the 
70 and 100% waves. Close examination reveals that these changes are progressive; 
that is, a portion of the wave that has a change at the 70% leyel has a greater 
change in the same direction at the 100% level. The logical conclusion is that 
the Thyrite* resistance, which is becoming smaller as the voltage is increased, 
causes these changes, Therefore this 100% wave is considered to be the typical 
reaction for the transformer at the 100% level, Comparison of the final 100% 
wave (top) with the original 100% wave indicates failure. 


Now suppose that the failure wave (top) has been the first 100% wave 
applied, Would the failure have been detected, Compare the 50% and ‘70% waves. 
Then compare the 70% and 100% (top). The changes between the latter two are 
greater and of a different nature than the changes between the former, Conse- 
quently one would conclude that the changes between the '70% and 100% were not 
caused by Thyrite* and that the transformer may have failed. 


Effect of Core Magnetization on Failure Detection 


It has been found that in distribution transformers of the lower voltage 
classes (2400/4160 Y and lower) successive full wave impulses can cause an 
accumulation of residual magnetization(®) , In such’ cases, successive current 


*G.E, Trademark 


= 10 


and voltage waves show progressive changes as shown in Figure 9, Also the noise 
emanating from the transformer increases with successive impulses, 


Whether or not such an effect occurs on a transformer depends largely upon 
the ratio of the impulse voltage to the operating voltage, This ratio increases 
rapidly at the lower voltage levels so that the magnetic effects of an impulse 
wave become much more pronounced. The paper referred to “covers this in detail. 


To demonstrate the presence of this residual magnetization effect,one can 
apply seyeral full waves showing a progressive increase in current, Then by re- 
versing the polarity of the impulse wave or by impulsing from the other end of 
the winding the direction of the magnetic flux can be reversed and the current 
wave will again start at lower values and increase with successive shots, If 
this process can be repeated at will it is obvious that the increases in the 
current wave are due to the magnetic effect and not because of failure. 


This effect can be minimized by restoring the core to a known level of 
magnetization prior to the application of each impulse. One method is to 
demagnetize the core using sixty-cycle excitation, Another method is to drive 
the core to maximum residual magnetization of opposite polarity by using repeated 
leng-tailed 50% full waves, These can be of opposite polarity to the actual 
test waves or of the same polarity but applied to the opposite end of the winding, 
Even then, if the magnetization effect is pronounced, there wild be a small 
difference between the 50% and 100% waves. 
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a “NEUTRAL CURRENT COMPONENTS. 
a. CAPACITIVE COMPONENT 
+b. OSCILLATORY COMPONENT 
.¢. INDUCTIVE COMPONENT — 


a. NO NEUTRAL CURRENT CAPACITOR © 
: CURRENT SHUNT = X OHMS 


_b. USING NEUTRAL CURRENT CAPACITOR - 
! » CURRENT SHUNT = IO% OHMS” 


- Figure 2 - Neutral current Waves — a 
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A. LV Terminated with Resistance 
Shunt = 30 ohms, Generator (Cp) = 0.006 uf 


a. Current Wave with Failure 
b. Current Wave without Failure 


‘Ds LV Short-Circuited and Grounded 
Shunt = 13 ohms, Generator (Co)= 0.022 uf 


c. Current Wave with Failure 
qd. Current Wave without Failure 


Figure 5 - Effect of Short-Circuiting the L.V. Winding 
when Testing the H.V. Winding. Staged Fault 
of 5 Turns or 0.5% of winding. All sweep 
durations are 100 usec. 
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A. Effect of Entrapped Air 


hw \, 


2 RS: 


B. Effect of Unground Core Packets 


5 . : 
4} 


Figure 7 "Hash" Disturbances 
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Top - 100% FW following CW's - Failure 
2nd - 100% FW - No Failure 
3rd - 70% FW - No Failure 

Bottom - 50% FW - No Failure 


Figure 8 Neutral Current Waves. on Winding Containing Thyrite 
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CHAPTER 
TESTING PROCEDURES 


PART IT - PROCEDURE FOR FRONT OF WAVE TESTING 


METHOD OF FORMING WAVE 


A front of wave impulse test is made with a wave formed by chopping an 
overvoltage wave on its front. There are two methods. currently in use to 
form the particular waveshape required, the "RC" method and the "LC" method, 
The "RC" method is more often used since less setup time is required in 
changing to and from the front of wave impulse circuit during the normal 
sequence of testing. With this method a standard 1,5 x 40 usec, wave impulse 
circuit is used with the external series resistance shorted or unshorted 
depending upon the ability to obtain the correct rise time, The "LC" method 
which requires a series inductance in place of the series resistance in the 
standard circuit, has advantages in that a smoother wave front can be obtained 
and about 30% additional voltage over and above the rating of the impulse 
generator is available due to the "inductive overshoot", This method is 
described in detail in DATA FOLDER 53849, 


CIRCUIT SETUP 


For front of wave testing the use of a "tight" circuit is mandatory. The 
rod gap and resistance divider should be connected directly to the test piece 
with the shortest leads possible, All grounds "Cz, Generator, Rg, counter- 
poise, building, driven, rod gap, and bushing) should be connected to a common 
point at the test piece ’ ground, Shielded ground cables are preferred but braid 
isolated from the floor may be used for short connections, The rod gap base, 
which is grounded to the test piece, should also be isolated from the floor to 
eliminate arcing which may cause spurious oscillations on the wave. The pre- 
ferred mounting of the rod gap when possible is with the line electrode mounted 
directly on the entrance bushing and the ground electrode on the lip of the 
test tank, A sketch of os proper connections is shown below, 


To Scope. 


Building 
Ground 


Building Ground 3 
: = Counterpoise 
— Ground 


METHODS OF TEST 


There are two standard methods of specifying front of wave tests, the aa 
® NEMA (National Electrical Manufacturers Association) and the EBASCO (Electri- | 
cal Bond and Share Co,),. NEMA Standards for Transformers (Pub, No. 48-132, | | 
Sept. 1948 and revisions) and EBASCO (Specifications 30-37) Alternative "A" | 
specify a required voltage, a time to sparkover and a minimum effective rate~ : 
of=-rise, Time to sparkover for a front of wave test is specified as the time 
from virtual time zero to the time of flashover, Virtual time zero is the 
Intersection of a straight line drawn through the 30% and 90% values of the 
crest voltage with the time axis, A tolerance of minus 0.1 usec. and plus 
O.3 usec, shall be allowed for the time to sparkover, The effective rate- 
of-rise shall be cdl culated as 60% of the crest voltage divided by the q 
difference in time between the 30% and 90% values of crest voltage as shown 
in sketch below, : : | 


100% or erest voltage 


90% point 


Effective Rate of Rise = 60%. of crest voltage 


Time between 30-90% chile 


Time 
between 
30-90% 

Points 


Virtual 7 Time to Sparkover[*] ay | 7 


Zero 


& 30% point 


The required voltages, time to sparkover, and effective rates-of-—rise 
are listed in the Coordination of Insulation Tables filed in 7 area books 
and office curve books. 


The EBASCO alternative front-of-wave test "B" specifies that the standard 
rod gap with a specific setting for the insulation class shall be connected 
between the terminal under test and the tank, The test wave shall be of nega- 
tive polarity and sufficient magnitude to flash the test gap on the front of 
the wave, The effective rate-of-rise, calculated as previously mentioned, 
shall not be less than 1000 kv/usec, If flashover does not occur essentially 
on straight portion of front of the wave, that is if there is any bend-over 
wave near crest to point of flashover, impulse generator excitation shall be 
increased, and if necessary corresponding modifications made in impulse 
generator circuit constants to maintain at least same rate-of-rise, to demon- 
strate that any such bend-over is not simply an evidence of limited impulse 
voltage, 


eh Dh OF TESIS 


¢ - iieted below are Hue wave applications and the order of their application 
as recommended by NEMA and EBASCO, If steep-front tests are requested, they 
should be made according to the standard specified unless modified by the 
engineer or specialist. 


NEMA Standards: The standard impulse tests, usually of negative polarity 
on a line terminal consist of: | 


A, One (1) application of a reduced full wave (60 to 80% of required 
voltage). : 


B. ‘Two (2) applications of steep-waves chopped on the front, 
C. Optional at this time is the application of a reduced full wave if 
Sabie generator circuit was changed to obtain the steep-front waves, 
This wave is taken to insure that the circuit when changed back to 
the original full wave circuit has not resulted in a waveshape change. 
D, Two (2) applications of chopped waves. 
E, One (1) application of a 1.5 x 40 usec, full wave, 


EBASCO Specifications: The standard impulse tests of negative polarity 
on a line terminal consist or: 


A, At least one (1) application of a reduced fall wave, (50 to 70% 
of the required voltage). ? 


B. Three (3) applications of steep-front waves chopped on the front. 
C. § Two (2) epplieeuious (of chopded waves, 
D. One (1) application of a 1.5 x 40 psec, full wave, 

CALCULATIONS FOR STEEP-FRONT WAVE ; 


Usually a-reduced full wave using the front-of-wave circuit is applied 
to the test piece at the 50% value of the required voltage, From the oscillo- 
gram of this wave taken on the same sweep as the full voltage wave, the charge 
required to obtain the proper rate-of-rise and crest voltage can be calculated | 
for a particular chop time, The chop time can be obtained by setting the rod 
gaps in accordance with the rod gap curves filed in the area books, 


The method of calculating generator preset from the REW oscillograms and 
rod gap spacing are demonstrated in the following example: 


Example : 


The unit to be tested is rated 69 kv. From the coordination of Insulation 
table for the 69 kv class, the BIL - 350 kv-crest (full wave), front~of-wave 
test = 580 kv-crest at 58 usec, with a minimum effective rate-of-rise eof 825 
kv/usec, 


ie 


Below is sketched the reduced voltage wave produced using the steep-front cireuit. 


100% 


_ 140 kv at 300V DC Line 


72.5% 


80% 


0,58 


O 6G 1.0 1.5 2.0 Time in psec. 


The generator charge for this wave was 10 x 2 kv/bk. This gives a crest kv = 
400 < 140 kv = kv-trest (50% of required for BFW), The kv at the .58 usec. 
point = 72,5 x 175 kv = 126.5 kv 

| 00 


q 100. Deere Required kv at .58 usec. 


120.2 =10 x2 
380 Required Charge 


Required Charge = 580 x 10 x 2 = 92 or 23. x4 DC kv/bk 
126.6 2 


From rod gap curves for negative polarity, using the Relative Air Density 
for the particular day which for the example is .985, calculate kv required , 
under standard conditions, (Rod gap curves are corrected to standard conditions), 


a = kv at Standard Conditions 


Standard kv = 580 = 590 kv-crest 
«982 


From the rod gap curves using 590 kv-crest and the 1000 kv/usec, curve, the 
spacing required for this voltage will be 11.8", (It will be noted that the 


eae 


voltage was not corrected for humidity. In the use of the H correction, times 
S to flashover greater than 10 usec, have the full correction applied and for 
times to flashover less than 10 Hsec., a percentage of the correction in pro- 
portion to the time of flashover is used. Thus for times less than one HSsec.,° 
the correction becomes quite small in most cases), - 


The example given above tells how to determine what generator charge to 
use and what size rod gap to set, The same precautions presented in Part I 
concerning coil testing should be followed ane ther it be a coil stack, a hushing 
or any other insulating structure. 
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SIXTY- CYCLE Shel oed a DETECTION INSTRUCTIONS 


ana 


es Ne EL 


A schematic dlacrain: of the sixty-cycle corona eevec ton ciroutt 


ay shown An Figure (a). 


Deflection Cable 


Sweep 
Control 


5 mh inductive TOV.M. = 3 fo Jones Piug 


shunt — Coil Con- | ee “2 6..0n CRO 
Se : : venience | e ees te 
— Outlet 


, Figure lay 


The ) mh . inductance presents a low impedance to sixty-cycle frequency 


and a tien impedance to the high frequencies associated with corona. | 


When test voltage is applied, the dow. frequency charging currents 


cause very little voltage drop across the inductance while we high 


frequency corona currents produce much greater voltages. A high pass . 


filter is inserted between the - Induetive shunt and the amplifier to 
| further attenuate bhe sixty-cycle voltage caused by charging current. 
This filter is built into the HC~25 amplifters, an external filter 
is used with RCA scopes. The characteristics of the shunt are such 
that when excited with a corona pulse, 4 damped oscillation with a. : 
period of approximately 25 KC is produced. This appears as a very fine 
damped oscillatory wave on the C. R. 0. Bereen when a sixty-cycle sweep . 
is used. It has been found from experience, that most air corona : 
. produces weak ‘oscillations on the screen. Most o11 corona produces ee 
"strong oscillations on the screen. -As will be explained later, } 4 y 
“-Anterpretation of the source of corona is. also accomplished. by the phase 2 
2 relation of the corona pulses with respect to the sixty-cycle’ voltage 0 
wave. For this purpose it is necessary to understand that ‘the ends Es 2 


the sweep represent the crests of the sixty-cycle wave and the center 


of the sweep, the zero points. A typical corona trace is shown wie 


oy / Coreme e | 


- Figure (b) | : 
The oveP voltage connections are polarized and the positive crest. 
> will. A liaye appear at the right of the screen. 
RESPONSE CHARACTERISTICS: — 
The detection circuit sensitivity control is an amplifier anput ” 


attenuator. » If air or void corona is to be detected max imum sensitivity 


ee ig needed and the attenuator should be set at i ike oil corona 6 os " 


| oe 
to be detected maximum sensitivity ig not necessary and the attenuator 
should be set approximately at 30. 
PREPARATION: 
q. Place the 5 mh. inductor in the test area near the test sample. 
2. Place the amplifier on top of the C.R.O. (HC-25) 
3. Make the following connections | | 
a. From test piece ground lead to "input" of the 5 mh inductor. 
‘Dd. Output of inductor to input of amplifier. See also Item 15. 
es Output of amplifier to C.V.D. on top of C.R.0. 


4. Connect the ground terminal of the inductor to the eireult 


a ground and the Bronnd terminal on the back of the amplifier to the C.R. 0. 


cabinet . | 

3 5. Plug an extension cord from the outlet on the amplifier 

. marked " power"! to ail1l1ov outlet on top of the C.R.0O. | 

6. Turn the sweep variac on the amplifier chassis to yeros Plug. 
the polarized sweep voltage cord attached to the back of the amplifier 
into the voltmeter coil convenience outlet on the side of the sixty-cyele 


berth. ‘Adjust the sweep variac for desired sweep deflection after 


test voltage is applied. Plugging into the vortme ver coil convenience 2 


outlet without first: turning the vattac to zero may blow the fuse in 
the upper part of the cabinet. ae | 

7. Plug the Jones receptacle at the packof. the amplifier to the — 
Jones plug on top of fhe CR. 0. : | 

8. Push in the two fibre rods in the middle of the front panel 
of’ the C.R.0O. guet under the viewing screen. This. connects the 
sixty-cycle sweep voltage to tie ferteontal plates. | 

o, Only the main, filament, and 25 kv switches of the €.R O, nbed 

be on. ‘The HV rheostat should be at the off (extreme counterelock-wise) 


™~ 


position. 


y. : * ; re . < . . 
= 3 “ Li i 


10. Put the selector switch on the C.V.D. position. Adjust the — 


‘intensity control to get a visible beam in the center of the screen 


and then turn it down until sweep voltage is app 


lied (because a bright 
spot left on the screen is damaging. | 
Ee ‘Turn on the power of the amplifier. and be sure the pilot 


Light glows. The pilot Light indicates that power is being cupplied | 
Ae the amplifier. | 


124 The overall circuit sensitivity can be checked by using a 


calibrator. See instructions for calibrator used. | 


“13. If corona is to be detected in solid insulation voids (auch 


a ag. compound filled bushings or Herkolite eylinders), corona. must be. 

o eliminated from the H.V. line by using flexible tubing. 1-1/4 
diameter tubing will be corona free up. Go about 70 kv and 4" tubing “ | 
will be corona free up to about 300 Kv. ‘Hi-pot wire will have corona a 


at about 20 kv. 


14. If oil corona is to be detected at high voltages when positive: 


Pi vewhewe may be present, they should be inhibited by using hi-pot wire 
leads and a "erown of throns" . Air corona corona or void corona cannot 


| ne Goxected under these. circumatances: 


15. If an R.C. Ae scope is to be used instead (of the HC~25, the 


amplifier is omitted and the output of the. indue tor is connected 
| ‘through a, filter to the vertical amplifier. ‘Sweep voltage is cupplied 


‘from the voltmeter cotl convenience outlet using a | polarized ine” 


to connect it to the horizontal input | of the scope. The Hopizental. 


input. dial should be at the extreme clockwise position (ext.). 
SETUP: 
(I) Po Detect O11 Corona 


1. Use hi=pot wire for test. voltages up to entrance pushing rating. 


2 Use hi-pot wire and a crown of thorns for test voltages above 


entrance bushing rating. 
+B. Attenuator : | 
1. Set at 30 when using HC-25 scope 
e. ‘Set at maximum sensitivity when using R.C.A. scope 


he the test progresses and higher voltdees are applied the gain may have 


. te. be reduced to keep the corona trace on screen. 


“ay Air or Void Corona ¥9 be detected only in special donne) 


ak Leads 
Max. Voltage | | Use A 
15 kv | : Hi-pot wire ie | 
70-100 kv » 1-1/4" flexible tubing” 4 
100-300 kv ay Rigid aluminum tubing | ise | 
Above 300 kv | Visual or audible observations | 
: al 


only 


'B. Attenuator 


Set at l 


C. Don't use R.C A. scope - its maximum gain is insufficient — a 


_ INTERPRETATION: ae : | a oe a 
The following sketcheg show the characteristic patterns and progres 
“pive growth of the varioug types of corona which may be encountered . 


Aas: Corona (On HV leads, pushing domes, exposed test piece hardware , ey 


= 


+ O-15 kv - no corona 


= fe —___________—_-+ 15-30 kv - neg. air corona on ae 
pee | ae 


hi-pot leads (continu-— 


ous ) 


30-100 kv = line corona grows 
and spreads in. | 


toward voltage | 


zero. = also appears” 


on pos. half cycle. — 


: Void Corona (copona in solid insulation voids or any confined Bree which 


is gas filled. ) 


Jil Corona 


ore COVER 


No corona 


- Void corona starts at the 


ends (note both ends. rather 


than one as in Pig. 2 & 3. 


With increasing voltage void 


corona moves in toward center 


of sweep but increases ‘an: ee 


_ magnitude ang spreads: only 


| slightly. 


No oil corona - air corona from _ 


line leads. 


O11 corona starting - occurs — 
intermittently at Any. Phase of 


applied vol Ltage. 


se ak - 


Circuit Noise; — 


wrrol ourertewe® = ager 
"5 r 
iy ne Ais 
| | | Liveurr Morse 
wy hor Vel7T7¢¢e 
| Diy COYGA2 . 


Noise due to transformer or 


- excitation voltage to trans- 


former - When it starts it 


usually comes in on positive 


half cycle and works in 


towards center with increases 
in voltage - distinct bursts — 
occur with more or less equal 


increments between them. Burst 


may also appear on the nega- 


tive half cycle. 
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CG: A.F.Rohifs, 9 ~ 203 
T,Brownlee, 9 = 102 


March 25, 1965 


Messrs: T,R.Walters 
G, Sakshaug 


Recently some hard feelings have been generated between members of the three groups . 
dn Bldg, 9 because of the borrowing of equipment without notification of the person | 
or test crew from whose area the equipment was taken, : Ea ons : 


The safety rules state specifically that no person shall enter a test area unless 
he is tagged in the area,or the area ig red tagged, or he is escorted by a member 
of the test crew, In addition to the safety aspect, this rule prevents tampering 
with the test setup in an area and the removal of equipment without permission | 

of the test erew, | 3 e eS a lag P 


In wecent years because of some changes in our organization and operation we have 
- all been somewhat negligent in enforcing and observing this rule. Most of thes. 337 
present trouble has arisen because of this negligence, Therefore, in the interest : 
of both safety and inter group harmony I think that we should all cooperate in © 
enforcing and observing this rule starting with the date of this MEMO. WV 


Will each of you please notify all members of your group to this effect. __ 


FYJ,lfurner, Dev, Engineer 
High Voltage Lahoratory 
D7 102 8 Ext: 2478 
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SAFETY RULES - HIGH VOLTAGE LABORATORY 
| JULY 1, 1957 


CONTENTS 


A, General Rules for all Laboratory Personnel 


€2 


D, 


E, 


I, Introduction oo : 
II, Authorized Persons - See Appendix 2 
Tit. Fenced Tests Areas — See also Bect, B-I 


dV, Testing Precautions (shorting, grounding, lucite screens , 


protective enclosures, wires between areas, protection 
of low voltage circuits) 


V, Square Red Tags 


VI, Temporary Testing Setups ie lucine Portahis Equipment 
VIL, Construction and Maintenance of Equipment 

VIII, Ladders, Scaffolds and High Elevations 

IX, Crane Safety 


X;, First Aid and Artificial Respiration 
oak Workshops 
: pang Solvents a 


XIII, Ovens 


‘B, etary Rules for Bldg, 9 Only 


» Operating of Test Areas ~ See also Séct, Reed 
a Interlocking of Test Areas 
TT, Worksaver Fork Tirck 
IV, Fire Prevention and Fire Equipment 


Vy, Motor Gene rator Room 


‘Supplementary Bldg, 9 Rules Bice LA~CO Group) 
i, Oi1 Tanks 

II, Resonance in A-C Testing 
III, 420 Cycle Testing 


IV, Testing Precautions ~ See also Sect, ATV 
V, Temporary Setups ~ See also Sect, A-VI 
VI, Transient Analyzers | 


Supplementary Rules for Bldg, 7 


I, Operation of Test Areas = See also Sect, AIII 
II, Fire Prevention. and Fire Equipment 


Construction, Modif ication or Repair of He ctrical Equipment 


I, Authorized Persons 


TL Safeguards 


Une Roumd Red Tags 
IV, Probing or Adjusting of Energized Circuits 
V, General Précaubions for Servicing Energized Circuits 


Appendix I, list of Safety Publications 


Appendix 2A, thorized Groups Bldg, 9 {also Electrical Research, 
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HIGH VOLTAGE LABORATORY SAFETY RULES 
nr 


SCOPE 2 a ao : 


These rules apply to all people who work on or with electrical circuits 

in the following groups: Electrical Research, Electrical Testing, Instruments and 
Measurements Development, Instrumentation Design and Development, LA-CO Advance 
Product Engineering, Hereafter they will be known collectively as Laboratory 
Personnel, The general rules of Section A (and also the Pittsfield Works rules 
listed in Appendix I) apply to all, Subsequent sections cover rules for smaller : 
groups with special conditions, | | a , @ 


% 


A, GENERAL RULES FOR ALL LABORATORY PERSONNEL 
Sa a ora iar cao a er eat : j 
I, INTRODUCTION ae ue - : 


1, These rules are made for your protection and it is to your interest to 
follow them, You must also be alert and Safety Conscious, While electrical and 
mechanical safeguards are provided, they may fail to function properly, Keep oe 
your eyes open and your mind on the job at hand to avoid accidents when the unusual 
happens, ee : 


2, itis your duty: 


a, To correct or report at once unsafe acts or conditions, | @ | 
b, To suggest safety improvements, ; | 
¢, To look out for non-Laboratory Personnel (who may be present and 
unfamiliar with our rules) and see that they keep out of danger, : 


II, AUTHORIZED PERSONS | : -— 


ae Lists of persons authorized to perform certain special functions are given _ | 
in Appendix 2 and they are also posted on appropriate bulletin boards, 


III, FENCED TEST (ADDITIONAL RULES FOR BLDG, 9 IN SECTION Bel) 


i, (Most electrical hazards are located inside interlocked fenced areas, H 
Fences should NEVER be climbed and if it is necessary for an observer to'be above . | 
the top, extensions should be used at least as high as the observer, (Only ind He | 
persons are. permitted in test areas ~ See Section BI-1), If anyone should find hims | 


in a plugged-up area, he should move to as safe a position as possible and shout to 
have power removed and gate opened, 


2, When a setup is ready for test proceed as follows: 
: : } (Wy 
a, Be sure no one is in area and that grounds are removed, 


b, Plug-up safety circuit and make sure yellow lights go on, 


The July 1958 revision below should be attached to all copies of July 1957 
Safety Rules and notes made on sections of original rules to see this re- 
vision. (All changes are in General Section A) 


lc... Rule 


Sect. Page 


Git 32 
TII~5 , 
III~6 
IITI~7 
IV=5 

IV-6 


New Rule 
add: 


III ELECTRICAL SAFETY 


The fundamental rule is to avoid er prevent bodily contact 
with electric circuits. | 


Above 750 volts, circuits must be enclosed by a grounded — 

metallic enclosure such as a conduit, box or fence. This : 
applies also to permanently installed circuits of less than 
750 volts. For temporary circuits below 750 volts adequate 


insulation on leads, etc. is sufficient for protection pro- 


vided any bare terminals or other bare parts of circuit are 
shielded or positioned so as to prevent accidental. contact, 
However, where possible, between 150 and 750 volts placement : 
of circuit within a grounded metallic enclosure is recommended. 


If leads are to he run into or out of an enclosure, they must 
be considered to be in the voltage category of the highest 
voltage within the enclosure unless they are shielded from 
the higher voltages with a ace metallic structure. 


If the conductors and the meters | or ‘other equipment connected 
to the outer end of leads are not shielded completely, the 
strike and creep strength of the accessible parts should be 
at least four times the breakdown strength of the conductors 
to ground. 


Gaps listed below may be used to limit the voltage between 
the conductors and ground. : s 
| | DC Brk, Approx. Where 

Mount Volts Cost Obtained | 

B61. 7487 Cat. 95x93.2 Clip 1,50 $6. 50 Bridgeport* 
NE~16 or NE-48 Bayonet 90 05 #7-Stock Rm, 


Change to IV : 
Add IV=- ~- Temporary wires may run through a gate to which a 
square red tag is attached, but must be removed before the red 
tag is removed, 
Change heading to IV=5 
IV—6 
IV—7 
Iv-8 
CMIT (Replaced by New Rule III) 
Change to IV=5 


* Accessory Equipment Dept. 1285 Boston Ave, , Bridgeport, Connecticut 


7/16/58 
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TiS. FENCED TEST AREAS (ADDITIONAL RULES FOR BLDG, 9 IN SECTION B-I) - Cont, 


c, Energize breakers or pone ors and make Sure area and berth red 
lights go on, 


d, Make tests, 
Be! HenOve: BOWeE and make sure red lights go off, 
1s as pte and make sure yellow Vights go off, 


g, Be sure, by aaa Sea that dicconnee: ‘switches (if used) 
are open and ground switches are closed before entering area, 


h, pound high re pou. 


3, Only in emergency are safety circuits used to remove power, Red and 
yellow lights should be closely watched and, if burned out, replaced AT ONCE 
by the test crew, Testing should stop at once if there is suspicion of improper 
operation of safety lights or devices, and the matter reported, 


4, Do not leave an energized test area unattended without permission of 
your supervisor, | 


| 5, When entering a test area after power has been removed, be sure that 
your partner or some person in the vicinity knows you are entering the area and 
that he can and will keep you under observation until you have grounded the high 
‘voltage circuits, 


: 6, Approval by the supervisor anda member of the safety committee is re- 
quired in the few exceptional cases where one must be inside an energized area, 
Such exceptions ares 

ve Test observation in a@ special cage, 


b, Test observation from behind a temporary fence, 


c, Maintenance observation after removing excitation leads and after 
| grounding transformers, capacitors, and impulse generators, 


) 7, Fingers or other objects should not be poked through area fences, A 
_ dry. insulating pole with. a collar ‘grounded to. the fence may be sO used, 


IV, TESTING PRECAUTIONS 


1, Do not work on impulse generators until all shorting and grounding 
mechanisms have been operated, Any impulse or trip generator without mechanical 
shorting devices (or any other equipment with capacitors) should have the individual 
capacitors shorted before working on or near the equipment, 


IV, TESTING PRECAUTIONS ~ Cont, 


f : : 
2, Never ground one part of a circuit containing capacitance when some- 
one is working on another part, 


: 3, Be sure there is a lucite plate in front of all Cathode Ray Tubes, 


4, Protective enclosures or barriers must be used if there is danger of 
flying parts, Enclosure doors should be closed during tests, 


5, Normally, wires running out of or between areas should be completely io 
within grounded conduit or a grounded shield, Exceptions are: ®@ 


a, Wires can be run through an open gate to whose safety plug is 
attached a square red tag, 


b, Circuits up to 150 volts (such as voltmeter connectors or connections 
to temporary setups) may be run out of an area if the part within the area is 
completely shielded from high voltage circuits, The supervisor and a safety com- 
mittee member should approve each setup, : | 


c, Safety gate circuits may be exposed a few inches at the plug con~ 
nectors providing the exposed part is along the grounded fence, With any temporary 
fence setup, especially one where a small area is carved out of a large area, 
special care should be taken to see that no longer lengths of unshielded safety 
circuit are exposed in a high voltage area, Approval of the supervisor and a safety 
committee member is needed for such a setup before it is first energized, & 


| 6, In addition to providing adequate clearances to high voltage circuits, 
all low voltage circuits (and equipment that should not be subjected to accidental 
discharges) should be grounded or suitably protected by grounded Thyrite disks, 
Care should be taken especially in temporary setups, to see that none of the im- 
pedance of the high voltage circuit is included in this grounding, Check with your 
supervision on new setups, 


V, SQUARE RED TAGS FOR COMPLETE AREA SHUTDOWN 


1, For shutdown, square red tags marked “Danger - Do Not Operate" shall be 
placed on safety circuit cords after all transformers, impulse generators, and 
capacitors are completely discharged and grounded, They are to be used whenever 
any one (including visitors) who is not a test crew member of a particular area 
must be in that area without close guidance or whenever any maintenance workmen; e 
such as, janitor, electricians, millwrights, carpenters, or plumbers must have 
access to the area, | 


2, The placing and signing of Square Red Tags is limited to the personnel 
whose names are listed in Appendix 2, : 


3, if available, the test crew shall do the discharging and grounding of 
Item 1, If not available, the square red tag signer shall first place the tag 
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V, SQUARE RED TAGS FOR COMPLETE ARBA 


for his own safety and immediately thereafter discharge and ground the capacitors 
and the transformers in the area, | 


4, The workmen or visitors should be instructed to notify the signer of 
the tag as soon as they are finished in the area, 


5, wthe signer of the tag must personally remove it after he has searched 
the area and is sure that no unauthorized person remains in the area, 


6, In the case the signer is not within the laboratory at the time the 
area is vacated, two others, authorized to sign such tags, may jointly inspect 
and search the area, and, if satisfied that no hazard is involved, they may re~ 
move the tag, 


7, It is good practice to tag an area if it is not expected to be occupied 
for the next half day, 


VI, TEMPORARY TESTING SETUPS INCLUDING PORTABLE EQUIPMENT 


1, A member of the safety committee and the supervisor should be consulted 
for all temporary testing setups involving over 120 volts where the setup is not 
completely safeguarded by permanent fence, Temporary fence properly grounded and 
interlocked should be used when possible, Good grounds and ground sticks must be 
provided, If the use of temporary fence is impractical, the dangerous area should 
be enclosed, with adequate clearance, by red striped white tape (alone) or rope 
(with suitable signs), A foot switch interlock is also desirable, 


2, Hed striped white tape can be used to indicate any temporary hazard 
either electrical or mechanical, By GE Testing Safety Committee Rules, “When this 
tape is used to form an enclosure, or any part of an enclosure, that enclosure 
shall not be entered until the tape is entirely removed, No person shall pass 
or reach under or over this tape in any manner, The tape shall be removed as 
soon as the hazardous condition is no longer present," This tape should not be used 
as an insulation material or to support hipot wire, cables, etc, 


3, When frequent access to a temporary area is necessary, rope or "tennis 
net" barriers (preferably red) should be used with an adequate number of signs 
marked "DANGER — HIGH VOLTAGE" AND “DANGER ~ UNAUTHORIZED PERSONS KEEP QUT,"' When 
used, a portion adjacent to the control station can be opened, after power has been 
removed, so that the test crew can enter, 


| 4, Special care should be observed with all portable equipment, The re~- 
movable ground connections should be securely connected, Unless completely self- 
contained, portable sets should have their high voltage circuits within a regular 
test area or a special interlocked temporary area approved by the safety committee, 


VII, CONSTRUCTION TENANCE OF EQUIPMENT 


1, Test crews are not normally concerned with construction or maintenance 
work except for obvious minor items, They should not work inside of oscillographs 
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VII, CONSTRUCTION AND MAINTENANCE OF EQUIPMENT - CONT, oo ®@ 


or other equipment but should be alert and report the need for such work to their 
supervisor, Work on electrical devices is restricted to those authorized in 
Appendix 2, and special rules for such work are given in Section E, Removable 
panels or doors should be marked advising of these restrictions, 


VIII, LADDERS, SCAFFOLDS, AND HIGH ELEVATIONS 


1, Never use a ladder which is defective in any respect, such as broken 
‘or defective side rails, or rungs}; or with dull, defective, or loose safety feet, & 
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Set the ladder at a slope of about 43:1, 


3, Never place a ladder in front of a door opening toward it or against 
a window sash wnless they are locked or guarded, 


| 4, The bottom and top of ladders shall be firmly supported at two points 
each, Supporting the top rung against a vertical pipe or similar single point 
of contact, or other unsafe backing, is prohibited, 


5, Be sure the approach to the bottom of the ladder is sufficiently 
cuarded so that the ladder can not be run into, 


6, On floors or locations where safety feet are not effective, the ladder | 
must be securely anchored or held at the base so that it cannot slip, © | 


7, Face the ladder when ascending or descending and take each step in | 
order, Materials; such as, tools, tackles, etc,, shall be raised or lowered | a 
hand line so that both hands will be free to grasp the ladder, 


| 
| 
| 8, Avoid working with another person on the same ladder unless special | 
provisions are made, | 


9, Always use a ladder or step ladder of sufficient length to reach the 
desired height without having to use the top rung or step, In no case should a 
ladder be used that is so short that it is necessary to pull one's self up by 
another support to reach the desired place, For example, do not try to climb 
on a 9-foot tank using a 6-foot step-ladder, | 


: 10, Stepladders must be fully opened with locking device set before 
ascending them, 
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ll, Iadders or stepladders must be lashed in place when one is working 
at or stepping off from the wpper third of the ladder or whenever the lateral’ 
force may cause the ladder to slip, This is particularly important when a ladder 
is used repeatedly in the same location, 


12, The steel scaffolding, owned by Bldg, 9, can be erected and used for | 
laboratory setups by laboratory personnel, up to five sections (25 feet), Only @ 
complete platforms may be used, The guard rails should always be used if the 


working platform is on the top section, If the work involves any leaning, proper- 
ly secured safety belts should be worn, One of the authorized persons (see Appen- 
dix 2) should be consulted before making any changes in a scaffold structure or 
platform, 


13, Maintenance crews, accustomed to use of and work on scaffolding, can 
use it to heights greater than 25 feet, They should be requested to use our 
safety belts where leaning is neces sary, 


li, Do not sit on pit, balcony, pulpit, or catwalk guard rails, Use cau— 
“tion when leaning over or hoisting heavy equi pment from such places, Good judge— 
ment will suggest the use of a safety belt in many instances when hoisting Heavy 

equipment at these locations, | 


IX, CRANE SAFETY 
1, Crane hitching should conform to the rules listed in GEQ-78A, 
2, No person shall ride on a crane load with the three following exceptions: 


a, A crane chair can be used with the front strap buckled for ordinary 
work which does not require leaning, Over oil tanks or when leaning is involved 
a safety belt with short eee to snap on suspension ring must be used, 


b, The platform lift (bucket) in Building 9 can be used for maintenance 
services provided the passengers use properly fastened safety belts, This in~ 
eludes the use of an extension plank from the bucket to a girder if necessary, but 
such a plank or any other loose equipment must be secured so it cannot possibly 
fall out, 


c, For servicing the high bay impulse generators, of Building 9, a 
_ passenger can ride in the small bucket suspended by the motor operated chain hoist 
and big crane, 


3, No crane load should be carried over any person, 


ee 4, vib cranes may be operated by any testing personnel who are then re— 
‘sponsible for its use, When vision is obscured, a hitcher is required, 


5, it is forbidden to be in the third floor loading area in Building 9 
unless the gate at the edge is in position, A hitcher is required for all loads 
and when the platform lift (bucket) is used, he should guide it in by holding the 
left front corner while walking outside the side rail, 


6, Give adequate warning when crane cables are to be swung around loads 
where they might endanger personnel ~- and watch cables while they are in motion, 


7. the safe lifting loads for crane hitching cables, Manila rope, and 
“Samson Spot Cord" are listed on Form-4.94 posted on the east wall of the low bay 


%y 


and the CRO cage of Area 1, Bldg, 9, 


8, Crane cables with broken strands should be reported so that they can 
be repaired or replaced, | 


X, FIRST ALD AND ARTIFICIAL RESPIRATION 


1, Ali Laboratory personnel should receive monthly instruction and practice 
in artificial respiration, 


2, All accidents should receive hospital attention at once, and should be — 
reported to your supervisor, 


3, stretcher kit and blanket for emergency use are located in second floor 
store room in building 9 and in building 7 blankets are mounted on walls near 
entrances to rooms 107 and 205, 


XI, WORKSHOPS 
Posted rules in workshops must be obeyed, 
XII, SOLVENTS 
solvents should be used with caution to avoid fires or the inhalation of 
_. toxic vapors, Normally they should be stored in safety containers although up to ® , 
10 lbs, can be kept in a bottle where extreme purity is essential, Use of sol- 
vents in a confined space (for example, cleaning out a large tank) cannot be done 


without specific authorization from your supervisor, Avoid contact of solvents | 
with the skin; the toxic effect is cumulative, : 


XIII, OVENS 
1, Ovens and combustible material should be separated as far as possible, 


2, Any heated oven should be in charge of someone specifically responsible 
for its operation and for turning it off at the proper time, 


3, Any oven which is required to be on at other than working hours, should 
have two controlling thermostats and lighted posted instructions for guards to 
remove power in case of emergency, 


B, SUPPLEMENTARY RULES FOR BUILDING 9 ONLY 


I, OPERATION OF TEST AREAS (é SEE ALSO SECTION A III) 


To prevent the possibility of energizing a large test area while someone 
is within but out of view, the following system is used throughout Building 9, 


1, Only the members of the test crew asSigned to an area (as shown by 
their posted name tags) are permitted to move freely in and out of that area, 
The crew members are mutually responsible for each other and should know at all ~ ; ! 
times the whereabouts of the other members, and, of course, must not close the 
safety circuit until all members are known to be outside, 


2, the names of the authorized test crew for every area are posted at 
the various gaves, Only authorized persons (See Appendix 2) may post or remove 
names, | 


- ee 


3, if it is necessary for anyone (except members of the posted area test 
crew) to be in an area, he must be escorted by a member of the crew or the area 
must be completely shut down and a square red tag affixed to the safety circuit 
(See Section A-V), 


h, If a piece of equipment is needed from an area, normally a member of the 
test crew of that area should remove it, 


5, itis very important, in the High Bay, to make sure the West wall dis- 
connect switches are open and all red lights off before entering Areas 1 or 2, 
A failure of a circuit breaker trip circuit will leave both circuit breaker and 
disconnect switch closed, even after an area gate is opened, If any trouble de-~ 
velopes, such as disconnect switch fails to open or red lights stay on when trip 
button is pushed, do not open the gate, be sure the field switch is open, trip 
the breaker in MG room by hand, and report to your supervisor, 


II, INTERLOCKING OF TEST AREAS 


The interlocking of areas is restricted in Appendix 2, All interlocking 
functions are performed at Cubicle 20 where detailed rules are posted, 


III, WORKSAVER FORK TRUCK 


The fork truck can be used Sale by those who have beer! issued Worksaver 
buttons, The rules posted on the truck must be observed, 


IV, FIRE PREVENTION AND FIRE EQUIFMENT BLDG, | 


1, All aisles should be kept clear, Test areas and storage rooms should be 
kept free of unnecessary paper, cartons, and other inflammables, Use receptacles 
provided for disposal, 


/ 
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IV, FIRE PREVENTION AND FIRE EQUIPMENT BLDG, 9 ~ Cont, 


S 6 oC a oo eC Creatas ne os Oibastraeectse—S ' 


2, in case of fire (except very small ones) pull alarm first, Fire alarm 


boxes are located near drinking fountains on first and third floors, and also on 
center of south wall of high bay, 


3, Laboratory personnel should familiarize themselves with the location 
and operation of fire extinguishers and alarm boxes, CQ9 fire extinguishers 
are located near testing areas, Two large mobile C05 units are located in high 
bay, one in low bay, M-G room, and third floor, Water fire extinguishers are 
located in offices, If used, notify the supervisor and a member of Safety 
Committee, so unit may be recharged, (Red Stripes on building column indicate 
location of extinguishers not readily visible), 


Lh, While mobile CO units should be used on smaller tanks, Fog Spray 
equipment is provided for the large high bay oil tanks, The pit in area l and its 
tank have automatic protection, In addition there are two hoses on the south 
wall of the high bay and one on the north wall, The nozzles attached to the 
hoses will give either a normal stream for ordinary fires or fog spray for oil 
fires, All power should be removed before using hoses and turned off at once 
if the automatic system starts up, 


5, %prinklers are installed above test areas, All power should be re— 
moved if they operate, 


v, 


1, Only authorized persons may start or shut down machinery, make changes 
in safety circuits etc, 


2, <Any testing personnel may change Circuit Breakers or Generator terminal 
boards, Breakers are to be used only in the cubicles for which they are labeled, 
Field switches should be opened, and gloves should be worn when changing terminal 
boards because of slight residual voltage, 


| 35° Ondy one circuit breaker should be in operating position to a given 
area or machine, 


4, No loose neckties are to be worn near rotating machines, 


5. In case of emergency regarding rotating machines, trip both circuit 
breakers labeled "2300 Volt Incoming line", Cubicles Numbers 28 and 29, 


ee 
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C, SUPPLEMENTARY _2 RULES (EXCEPT LA-CO GROUPS) 


ie OIL TANKS 


1, Transil oil (10-C) is eae buoyant than water and does not support 
a human body; also, its effect on the lungs may make resuscitation useless, 
Therefore, extreme caution should be used to avoid falling into oil, Safety 
belts are provided and rules giving their use are listed below; in case of doubt, 
consult your supervisor, 


2, No Belt is Required: 


| a, For any tanks 5 feet high and less, if man working around tank 
has feet at level of tank base, 


— 


b, If top of tank is at least up to a point half way between worker's | 
waist and armpits, 


c, If tank is completely covered (no opening larger than two foot 
diameter such as bushing openings), Avoid working near openings, Beware of 
slippery condition of tank cover, I-beams, or channels because a slip may result 
in physical injury, 7 


3, A belt is required, and a second man assisting, for practically 
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all other conditions, such as3. 


a, When working on top of the tank with openings greater than two 
foot diameter; this applies especially when working on channels or partial covers, 


_b, When working at the side of an open tank more than five feet high 
and extending less than four feet above the grating or floor level, 


4, For tanks less than six feet wide, the safety belt rope must be tied, 
or held by the second man in such a way that it is impossible for the man wearing 
the belt to get his head into the oil if he falls, 


5, For wider tanks, one or more 10-foot high safety poles should be mounted 
at the rim or on a cross brace of the tank through bolt holes or special brackets, 
The rope must run through the “eye™ on the pole top and down the pole to a cleat 
Where all slack rope must be coiled, Again, the rope should be so held and se- 
cured by a second man to prevent the man wearing the belt from getting his head 
in the oil if he falls, Move slowly when working above tanks to avoid being 
upset by rope's pull, It must be kept in mind that when falling into the oil 
feet first, the neck is one foot below the rope hook and when falling head first 
the brow is two feet below the rope hook, 


II, RESONANCE IN A-C TESTING 


In many cases, especially using two or three cascade transformers, there 
May be resonance between the inductive supply and capacitive load, 
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This load includes transformer capacitance (which is considerable in high voltage 
transformers) as well as test specimens, A badly resonant condition is very 

dangerous to equipment, Conditions that will cause resonance are shown on 176HA566, 


III, 420 CYCLE TESTING 


A check list sheet must be made out to set up for 420 cycle tests and 
before testing, calculations should be made to make sure excessive voltages or 
currents will not be obtained, The high bay supervisor has material to facillitate @ 


such calculations, 


IV, TESTING PRECAUTIONS (SEE ALSO SECTION A~IV) 


1, When working on platforms of the Low Bay impulse generators, a safety 
belt (window cleaner type) must be worn, Eyes are provided for the snap buckles, 


2, The counterpoises in various areas are interconnected beneath the building, 
Consequently, a heavy discharge in one area may produce a momentary voltage at the 
counterpoise termination in other areas, The safe way to attach a connector to the 


counterpoise is3 


a, Ground the connector to building ground at the lip of the 
counterpoise, & 


b, Attach the connector to counterpoise, 


c, Connect the counterpoise connector to the common ground 
point of the test circuit, 


d, Make sure this common ground point is grounded to the 
building and then, 


@, Remove the wire connecting the counterpoise to its lip, 


To remove a connector from the counterpoise, these operations should be reversed, 

The same procedure should be used for the driven grounds which are adjacent to the 
counterpoise terminations, If both are used in parallel, it is not necessary to 

make two connections “c", as but one conductor is needed from the common ground & 
to the counterpoise and driven ground, 


1, Standard 115 volt convenience outlets are located in all impulse © 
power panels and along the wall in low bay, Three prong outlets ™ marked 3-wire | 
supply 230 volts, 15 amps are Located in every impulse power Panel and on the backs 
O@®) twist-lock outlets 


of 60-cycle panels in Areas 8 and 9, Double 3 conductor € 
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marked Inter-locked supply 115 volts 15 amps, and are interlocked with safety relays, 


Their power is interrupted when an area gate is Opened and they can be used di- 
rectly for a low power source or to energize contactors for larger equipment, 
These are located as follows: (Notes Area 5 has 2 locations), 


AREAS LOCATION 
Lis <2g. 5 Impulse power panel 
3 Connection box along fence 
5 On disconnect switch cabinet 
he 7s 8y9 Back of 60-cycle control cabinet 


Twist-lock outlets for CRO's should NEVER be used for devices needing a safety 
interlocked source, 


2, The portable 60-cycle 70 KV testing transformer has a twist-lock 3-wire 
plug for the interlocked circuits above, The removable ground connections should 
be attached before use and a ground stick used on the high voltage terminal as is 
done with permanently located transformers, : 


3. Two portable interlocked boxes are stored in the second floor storage 
area, for the enclosure of small temporary electrical setups which should be de-~ 
energized wnen the gate circuits are opened, They take a standard 115 volt fe- 
male plug for filaments and locking plug for high voltage circuit supply, (Con- 
sult a member of the safety committee before using one of these boxes), 


4, High Voltage Capacitance and Power Factor Bridge: No one should attempt 
to use the bridge until he has read the instructions and understands the operation, 
See instructions posted on bridge, 


5 500 KV, DC Generator 


See rules posted on generator and also at control cabinet in Area 5 
control room, 


6, The portable oil tester for use in Areas 4C, 8 or 9 is well safeguarded 
but the operator should be familiar with its functions and not leave it running 
after working hours without permission from the supervisor and of the safety 
committee, Do not use in other areas without approval of the specific setup by 
the supervisor and a member of the safety committee, 

VI, TRANSIENT ANA 
1, Ground all equipment to building ground, 


2, Make connections with power off, 


3, Use well insulated probes and leads for probing with power on, 


/ 
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Protect, with red tennis net barriers, parts not visible to the 
operator, | 


Use the correct termination on the H,V, winding when impulsing a 
LV winding, Start off with a very low voltage to determine the 
correct termination, 


Any tests which are potentially dangerous should be conducted 
jointly by two persons, 


Only persons authorized (Appendix 2) to repair TA's can add 
capacitance to the Surge Generator, Such capacitance must 
be under the interlocked cover or completely guarded with a 
grounded metal screen, 


When working at high elevations, such as on top of a transformer 
tank, use adequate guard ropes or rails, 


D, SUPPLEMENTARY RULES FOR BLDG, 7 


I, ION OF TEST AREAS (SEE ALSO SECTION AIII) 


Only authorized personnel are normally permitted in test areas, If 
it is necessary for anyone else to be in an area he should be escorted by 
an authorized person or the area must be completely shut down and a square 
red tag affixed to the safety circuit (See Section A-V), 


Il, FIRE PREVENTION AND FIRE EQUIPMENT = BLDG, 7 


1, All aisles should be kept clear, Test areas. and storage rooms should 
be kept free of unnecessary paper, cartons and other inflanmatles, Use recepta— 
cles provided for disposal, 


2, In case of fire (except very small ones) pull alarm first, The ground 
floor box is outside the building on the west wall and the second floor box 
in the east end of the middle aisle, 


3, Fire extinguishers are located near all test areas, 
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E, CONSTRUCTION, MODIFICATION OR REPAIR OF ELECTRICAL EQUIPMENT (SEE SECTION A-VIIT) 


I, AUTHORIZED PERSONS 


1, Only authorized persons, as listed in Appendix 2, are permited to do 
general work but before proceeding they must know and understand the location and 


voltage level of all the associated circuits or be absolutely sure all incoming power 


circuits are disconnected, Other assigned persons may do restricted work on thor- 
oughly interlocked equipment or devices or those to which an authorized person 
has affixed a round red tag FF 409 A, 


2, Two levels of authorized persons are § 


a, Persons permitted to work on circuits up to 750 volts (or = 
if assigned to a specific job by the supervisor), 


b, Unrestricted voltage level, 
II, SAFEGUARDS 


1, Interlocked doors should be provided on new enclosures to positively 
interrupt all power (except filaments), 


2, unclosures which must be entered should be treated as test areas, 
See Sect, A-IITI, 


3, Older enclosures (and cases where wninterlocked panels must be 
removed etc,) should have all primary sources of power disconnected and dangerous 
capacitors shorted and grounded, If there is any uncertainty, a voltmeter and/or 
ground stick should be used, 


III, ROUND RED TAGS FF 409 A marked "Danger Man Working on this Apparatus" 


1, This tag should be signed and affixed by an authorized person to each 
disconnected source, lt absolutely forbids anyone else closing the circuit, 


| 


2, The tags must be used before any person can do work involving ee. 
contact with circuits except: 


a, Battery circuits not over 45 volts, 


b, Where the switches, plugs or other disconnect means are under 
the immediate, visible, and sole control of an authorized worker, 


IV, USTING OF ENERGIZED CIRCUITS 


L No bodily contact should be made, Use insulated probes, clips and 
tools, 
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IV, PROBING OR ADJUSTING OF ENERGIZED CIRCUITS — 


2, Use barriers above 750 volts and as much as practical from 120 to 
750 volts, They may be made of metal, insulating material, red striped tape 
(See Section AVI-2) or red netting, They should be made so that hands, head 
etc, cannot be extended beyond them, 


3, All conductors and probes brought out beyond the barriers must be 
adequately insulated and protected so that bodily contact with circuits is 
prevented, 


4, Above 750 volts the barriers preferably should be a grounded metal 
type with interlocks, All conductors and test probes brought out beyond the 
barriers must be enclosed in a grounded shield except the 115 volt input con 
ductors, If meters and instruments cannot be kept within the main barrier, they 
must be within a grounded metal enclosure, 

V, GENERAL PRECAUTIONS FOR SERVICING ENERGIZED | 
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1, A person working on equipment shall operate all switches personally 
and not allow other people to operate the switches for him, If this is extremely 
impractical, a safe procedure to do otherwise must be worked out with the super- 
visor, 


2, Whenever possible, use only one hand while servicing electronic 
equipment; the unused hand should be placed behind you or placed in your pocket, 


3, ‘Insulated rods or probes and insulated test prods should be inspected 
regularly to insure that they have sound insulation, The user should make a visual 
inspection before each use of rods or probes, 


4, <Interlocks must not be jumpered, A temporary interlocked barrier must 
be used, 


5. Whenever it is practical, temporary set ups involving voltages greater 
than 125 volts should be interlocked, 
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APPINDIX 1 
SAFETY RULES - HIGH VOLTAGE LABORATGRY & 


APB-19 Instructions to Crane Followers and Operators 
APG—9, Safety Regulations for Lathe Operators 
Ge APG-95 Safety Rules for Drill Press Operators 
APG--103 Information and Instruction for Handling Acids, Alkalis, 
| Solvents, Poisons : ¢ 
BRA-2 — Safety in Handling Mercury 
HRA=3 Safety in Handling Various Type of Fire Extinguishers 
BRA—21 safety in Testing 
ERB-3 Safety is Part of Your Job 
GEQ-60A Safety Instructions and Information 
GEQ-62A Hazardous Chemicals - Safety Precautions © 
GEQ-78A Instructions to Crane Followers and Others in the Use ~~ 
of Slings and Making Hitches 
GEQ-104 Precautions in Handling Mercury | 
PWO-1836 Safety for Grane Hitchers and Crane Ope rators 
PWO-2223 Safety Instructions for Worksavers and Operators 


Rules for Interworks Testing Department Safety Committee 
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AUTHORIZED GROUPS = BLDGe DGe 9 


JP Benedict HH Brustle CM Douglass JH Snell FJ Turner 

IT, Brownlee He Fehimanmn § HE Fiegel W. Duda Ld Wiesstort 
HY Lab. | 
PF Ast HH Brustle AF Rohlfs 
I, Brownlee HE Fiegel FJ. Turner 


LA and Cutouts. (Includes Areas 6 and 15) 
Person in charge of area after receiving permission from IJ Carpenter, 
EA Evans, or CM Douglass : 


Restricted Padlock Key GEPA 568 
Two persons to use jointly to: 


1: Interlock areas (Sect. B-II) ; - AF Rohlfs 

2. Operate impulse generator and trans. trucks HE Fiegel 
(Area 1 crew chief also authorized in joint FJ Turner 
moving of trans. truck) £,. Brownlee 

3. Use emergency exciter transfer switch. We Duda 

4, Use emergency 3=-phase arc switch. ER Uhlig 


5. Use Area 4 safety gate padlock 


setup for 420 Cycles 


Signers of check list who must be authorized by AF Bohits, Hi Fiegel or 
T. Brownlee. 


(Sect. ATTI-12) 


tT. Brownlee . HE Fiegel AF Rohlfs FJ Turner W. Duda 
| HV Lab. | 
JG Anderson T. Brownlee HE Fiegel FJ Turner 
PF Ast. HH Brustle AF Rohli's ER Uhlig 
LA and Cutouts 
TJ Carpenter CM Douglass EA Evans JH Snell 


The person in acting charge of an area also may tag that area. 


Construction and Repair of Equi 


HE Allsop J& McDonough JG Anderson CM Douglass 
JP Benedict RE Popham . PF Ast EA Evans 
FA Fisher WA Starrett T. Brownlee HE Fiegel 
S. Gaskell JL Stevens HH Brustle FJ Turner 
WA Keen, Jr. TV White Td Garpenter W. Duda 
RW Lloyd Ld Wiesztort DD Davis ER Uhlig 
RU Giacomoni. H. Fehlumann FA Fisher JJ LaForest 
| | BE. Karkoski F, Olsen 
DJ Heller SJ Polaski 
EA Whepley 


Jamary 11, 1960 


PROPOSED ADDITION TO HIGH VOLTAGE LABORATORY 
SAFETY RULES a 


WORKING ALONE 


Working alone on hazardous jobs is not permitted. When in 
doubt check your supervisor. The general policy follows the 
examples below: ? 


1. Test Areas - In most cases two or more operators are 
assigned to a test area. However there may be but one, or in case 
of two operators, one may be away developing a film etc. A single 
operator can energize the area circuits but should not enter the 
area afterwards unless one of the test crew or another laboratory 
worker is present and knows he is entering the area. After the 
necessary grounds are made, he again can be left alone to work in 
the area, but not at relatively hazardous jobs such as over oil 
tanke or on top of ladders. 


2. No one should go alone to an isolated location such as 


laboratory roof, high bay cat walk or MG Room tunnel, without 
notifying another laboratory employee of his intentions. 


FF... Turner 
fT, Brownlee 


October 31, 1958 
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a THE UNITERM FILING SYSTEM. 8 t 

NIRODUCTION: | | pepe at 

‘“ : Be ginning immediately all TIS poet and. test SESE issued by | 

~ the HVL will be filed in our own files under a new filing system which 

will be described below. No additional entries to the present file oe 
system will be made. All reports since the first of 1959 have been | oe 


filed under the new system as well as under the old Taal thus gi? ing 
an ao” between the two systems. 


peag | For ‘the remainder of 1959, all file terms for TIS and test. eoconte i 
will be assigned by F. A. Fisher. If by the start of 1960 no bugs)... 
_ have appeared in the new system the file terms will be assigned by | : . 
the author of the report, subject to the approval of the countersigner. 
These precautions are necessary to insure that the new file system | 
will be used in such a manner that its full value to the eek 
may be realized. | | 


Sng SIS Eee 
TK ee ole oe 
TO Bie = Gy oe, on 
a ee ee es 


—<« ee 7 > 
isang | geRe yee te eee SAE CES RS 

3 =e ENTS CEST at Coe ae Sik Shi Sse! 
“ SERA TERR CAPER OE FEE See Oe 


The file system may of course be used by anyone wishing ne look : 
up infomation. | | | i : 


> Sk ott eee ~ wet 
Epeh emery 


DESCRIPTION OF THE UNITERM FILING SYSTEM: 


coe 
oe 


ee The Uniterm filing system differs from previous filing ayatens 
in that articles are filed by key words, rather than by combinations of 

words,or topics. As an example consider a report with a title such as 
electric Strength of Mylar Turn Insulation in SF6 Gas ". Ina topical 
Tiling system this report would be filed under several headings such ag: 


Ie ETN SEES Sea EAS EE SOR eR SOY Alay oa 

ERS ROSC Sa TE ay SH 
Spree ene peeps here 
Pipe esa ae pt ee tee eee RTS 


KHL) EE GOTAGRY Ee ee oe: 
Cae & A GEs~ phos nS ae See AED Yet 
RLS TLL eSers oe eee = 


an 
ete hay 
at 


en 
S fl ‘Dielectric Strength, Insulation 


FS, 


b Insulation, Turn 
Cc) Gas, SI6 | 


as 


The filing system would contain one file card for each of these headd nes 
and on each card would appear the title of the report, the pee and 
Bee ty the abstract of the report. 


i 


Sepa PS ate fOr tan 
yr Pe ws Pees rs 
3 Bee OL FE Ps SR rd ee 


ae Such a pve ten has several disadvantages. Pirst, each of these ? 
ee ince is quite general, and since each may apply to many reports, — 

_ many cards will accumulate under each heading. Second, the headings 
are arbitrarily assigned. A person with a different slant On. the 2.005» 
Situation ay think of the title under different aap such as: a 


. 


neh Sees erk ee eps Reem yy 
Ld Opp ge Fao Rey FF = 
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beta See <A ye 
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= 
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a as Insulation, Dielectric nerenees 
Turn Insulation, Mylar | : 
SF6 Gas, Mylar Dielectric 

(d) Strength, Turn Insulation 


awa 


Ne reten 


+: 
Coat: 


nae Each of these headings would be appropriate to the repert title 2 
_ under discussion, but it would be impractical to include one heading 
card for each and every combination of terms. Third, the system is. 
plky and unwieldly. Even if appropriate headings have been chosen. 
advance such that each report is filed under only three of the 


ES headings, the file card index mus t contain three cards for 
ec! Peper . | | 


et 

pat 

hy 

ee ° 
ets 

han 

; bie. 
e & 
ca 2 
ie 
‘ aa 
ey 
ie 
af Ki 
Sits aM 
SSR. 
asf 
i. He 
Nat We 

, + ped 
oe 
* 

‘3 

1h 


ocr Fat 


4 
i 
f 


Se OP PA Pe EDS Ane Se RY OREO ae Oat Oe ery” ene’ Hee <> EOE el eee ee oY eee Pee bys hats Bata tas ae ottaee Os Mey on Oe $92 bY SSAA SOLE TE OS Meee tiesemkrterey* Seppe tareher ei Ron retanered Lon fat. 20g Steen Lema 
Te PAR ge Soy ee o BS AN OE i Spee Kn eee pe ee ba. Ot eth a hace. DEL pee Late? Gag et By ae oes PENG got be ee the ean ties aren Seeery Powe hoee Sgurbe yn Leta ahhet MATa Hight ll eee en chad Lande nlgsa ty cone 
; 1S EPA ie tt BIE SAE Fae pare cab oiieee b acene ove tuyere Sl toh etn tiated ties tiecn Petia ita tere cas ony if Aco bbe Rete: Pat eebibs TYGae RUSE RA GEES 1S ceNP SYK Be ORG SE SLEL AN PLEURA RATER Art a etspei.. fl 
' . Z q LEESON oe cr 


he To Ri ateate the disadvantages even more the reader 48 asked to 
Pa for himself how he would file a report such as "Errors Due to 
i, Cable Resistance in & Proposed Lightning Current peer De Circuit". 


The Uniterm file system uses a different principal. ‘The file 

system consists of two sets of file cards, a set called ACCESS cards 

and a set called UNITERM cards. Each report to be filed ‘is assignes 

an ACCESS number, such as 36 or 193 or 2055, the numbers being assizned 
strictly in succession. For each report there will then be one access 
card containing the title of the report, the report number, ‘the | 
abstract and conclusions, the author and the access number. A typical 
card would appear as follows: | ee 
(6 193 

TIS xxxxxxxxxx AUTHOR xxxxxxxxxx 
"Dielectric one of Mylar Turn Insulation 
| in SF6 Gas". . 


Abetract: 9.0 ,.@, DO), O, 0,0, 0,9 ,0,0,@ 4 


.Conelusions: xxxxxxxxxx 


i Eat, 


‘The number 193 in the upper right. hand corner is the ACCESS number. 
The UNITERM cards are cards each bearing | one (or possibly. a few) 


term (s) which may be common to many different reports. The pertinent 
terms Por the Sots in question he ie be: | oe eer eae 


(a Mylar ~ 

(bd Turn | 
(ec). Insulation 
(da Gas ~ SFE 


‘There would be one UNITERM card for each of these terms. To file the 
- report the ACCESS number, 193» would be written on each of the above 
_ cards. 


| To Pind the number of the report titled "Dielectric. Strencth of 
Mylar Turn Insulation in SF6 Gas", or to find out whether such a report 
existed, one would extract the UNITERM cards with the appropriate 3 
headings, (Mylar, Turn, Insulation, Gas - SF6), lay the cards out, and 
search to see whether one number was common to all four cards. This 
might sound very difficult, but the layout of the UNITERM cards is such 
that it ls a simple process to scan a number of cards to see whether | 
one Fs ed 18 common to all the cards. | 
gm, 
a Figure 1 shows the four cards arranged ‘in a vertical row. The 
- access number is placed on the card in the row corresponding to its | 
last digit. Thus it is possible to scan the four cards row by row. 
Ifa number is absent from only one card it is not necessary to sean 
anv other cards to see if that nnumbher exists. 
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Scanning all four cards we see that two numbers are common to all 


oe four cards, 77 and 193. To determine which number corresponds to the 


report, we are looking for, we look up numbers 77 and 193 in the ACCESS. 


m7» file and find that number 193 corresponds to the desired report. Number 
“a” 77 might be a report we were not interested in or it might be a report 
we did not know existed. | | | : . eee 


Like any other filing system the uniterm system has imperfections. _ 


The two most troublesome are terms so general that almost anything may 


be filed under them and terms with a number of synonyms or near synonyms. _ 


Examples of the first are terms such as impulse, gap, oil, and gas. 
The title of practically every report we issue contains the word impulse. 


oie the UNITERM card headed Impulse were not used carefully and sparingly | 
1t would be rapidly filled up from titles in which the term impulse is 


4 


a diet 
ce 4! 


* 


42 


of little importance. Terms such as gap and gas are also very general. | 
They may be handled by subdivisions such as gap-sphere, gap-rod, gas-SF6 
gas - N2, even though such subdivisions are not strictly in keeping with 
the philosophy of the UNITERM system. : eee oped 


Words such aS pulse, impulse, and surge all mean nearly the same. _ 
For purposes of filing all of these would be filed under impulse, even 


_ though impulse may not carry strictly the connatation the author intends 
in his report. UNITERM cards for pulse and surge also appear in the. 
Piles, but they are accompanied by an instruction to use the word impulse. 


__ When making a search of the files to collect all the reports 

dealing with one particular Subject the uniterm system may erroneously 
call out reports which do not refer to the subject in question, even. 
though the key words might be the same. The terms Mylar, Turn, Insulatio 
and Gas-SF6 might call out reports with titles "Dielectric Strength of — 


. Mylar Turn Insulation in SF6 Gas* and "Contamination of SF6 Gas by Mylar 
Turn Insulation". Such false callouts are not a serious problem however, 


Since a quick check of the access cards would reveal which reports were”... | 


_ of Interest. . | 
HOW TO FILE ARTICLES IN THE UNITERM SYSTEM: 


_ In general the appropriate filing terms may be taken from the title 
of the report. The terms should refer to the type of test piece, the 
type test, the voltage ratings, the type of material and the intended 
application. Some actual titles and the filing terms selected are listed 


in Appendix 1. Filing terms may also be taken from the ody of the report 


if such key words do not appear in the title. Care must be taken not to 
use the very common words such as impulse or transformer unless it is 
absolutely necessary. The most common example of a case wnere care is 


needed in selection of key words would be a title such as "Impulse and 


Sixty-Cycle Tests on a 69 KV Type U Bushing, SN # xxxx." The report 


would not be filed under the terms impulse and Sixty-cycle tests since 


debe ‘a 
te bd 
yea? 


nearly all apparatus receives impulse and sixty-cycle tests. 


_  & List of common or troublesome terms and Suggestions as to how to ee 
handles them is given in Appendix 2. While it will not cover all problems — 
lt wiil indicate the direction to move in. any renee 


: pk 
~.* There will be times when a key word in a Say title doen not appear ee 
in the file of UNITERM cards. Such words Should be referred to the 

rei ‘™ Spacialists or to F. A. Fisher for a eect Eien as to woeener the word ec 

1 should be added to the files. | ; tS 

2 APPENDIX 1 

Examples of Report Titles and Filing Terns, 


1. "Dielectric Strength of C3F8 CO ee and tbs. 


mixtures with No" | ee) 
a Gas - C2Fg8 
b Gas - 
c Dielectric 
‘(d strength 
a Mixtures 


2. "Determination of the Volt-time Characteristics of a yFosowsk 
Gap in O11 Under A.C. Applied Voltage". — (59PT128) | 


e Volt-time | 

Gap - Rogowski 

a Alternating Current 
O11 


O 3. af Radio Nolse Studies on Two Sizes of New and "Field Aged 


ve Stranded Aluminum Conductors". _ ae 
Abita 3 pec 
se a Strand 
b) RIV (Radio Influence Voltage) 
+6 Aluminum | 
d Conductors 
e Transmission 
r Aged mls 
H Tapuine Voltage Distribution in a 900 KV-BIL SESL layer | 
pao sue Designed for Wye Connection". 2 (S9PT122 ) 
a) Voltage Distribution 
b): BIL - 900 
C Layer | 
(d Winding 
3 SESL 
r Wye 
5. "Errors Due to Cable Resistance in a Proposed Lightning 
Current Measuring Circuit". (59PT120) 
es a Errors: 
ee b Cable | 
>” a C Resistance 
| @ : dq Lightning - 
mo e) Current 
a f 


) Measurements — 
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ee 


6. "Sixty-Cycle Wet and Dry Flashover Tests on Internally 
_ Clamped Bushings Mounted on Distribution Transformer | 
- Covers with Painted and Melalast Surfaces". . (HVD-59-39) 


Flashover 
internal 
Clamp 
Bushings 
Distribution © 
Transformer 
Covers 
Melalast 

Wet Tests 


mH Ie hd ao OD 


7. "Sixty- -Cycle Wet Withstand Test on | One 69 KV “pe” U Bushing 
for, PO.7501018". . ee): 


Withstand 
Bushing - Type U 
KV-69 

PO 7501018 

Wet Tests 


oanowp 


ae "Impulse Tests ona Des Model 138 - KV ype U J Bushing ae 
oe Cat. #ALBGOIT | | a " (HVD 59-38) 


fa) Bushing - Type U_ 
| b). KV-138 ae E 
Se | : 
i 9. "Long front and Wet and oe Sixty-Gycle Tests ona 1175 KV 
oe) BIL on _ Porcelain) Type U Bushing" . i) CHVD EVD 9-90) 


(a Bushing - Type U 
b BIL - 1175 | 
ie Porcelain 
(d Wet Tests 


3710. "D, C. Tests on a 69 KV Epoxy Bushing". — (HVD-59-27) 


Direct Current 
= HDOXY - $3 Argentinien nase ponermmeciapeg cit fg 


; mt talon reyes SP to eh . . me 
: : St hak T jn PES ene Eee Sen: - Sy ty = ‘ 
Bushing» | ) : Por rtd meee 
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) ae , 
Commor: and Troublesome Terms 


Air — : Mee 3 ee ss 
If the air ts used as a dielectric use the term Gas - Air. 


en -Arcover 
r ) . | Use the term Flashover when filing. 


o - Apranter Vis es | 
ae Use Lightning Arrester card when practical. Do not use both 
arrester and lightning. eee | 


at ‘ 


el | 
| ‘if used in connection with rypes of wind4ngs , see. layer. : 


BIL 


Critical 


1 D.c. 


or Fy ae ; . ri] t er ei. fo sa PeuR eT COME TES LS a cer ee bt ee am oY ere ae e40) aS ) = PRY sone Nite er SST ok ied Ab Cond oboe eee: 
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oe = eS 


Mi, Insulation level 


pUse BIL - xxx kv 


A list of standard BIL values is available. ~ If the ecutaesne 
has a BIL rating it should be filed under the  SPprepriays. Bib 
_ tevel. 


Boy down 


Use this term only when the phenomena of breakdown ts 
referred to. eas 


“Bushings 


- Bushings are subdivided aeconding to the type of ‘construction. 


Chopped Wave - 


Use this been only when the type of test is of ‘unusual | 
Significance. 


Coils 
If used in connection with transformers use the ‘term Windings. 


: ECondenecr 


Use Capacitor 


eo ductors : | | 
In general eeacnice this term to. transmission line conductors. 


When referring to critical flashovers use only the term | 
Flashover. | 


Use Direct current. 


| Distribution 


_ Where applicable use the term Voltace Distribution. 


“Experimental 


Use the term Developmental wherever applicable. There is'a =: 
difference-in terms as regards patent Sone Tcera ulens - ae 


| Pront—of—Wave 


Use “age cee teabl ‘ 


Gap 


This term is broken up into subdivisions according to the 
electrode shape (eg. Gap-Sphere, Gap-Rogowski, Gap-Rod ). 
Use the card with no subdivision only. when necessary or 
when the type of gap is unusual or taaknown. 
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a i be 
t. (This term like Gap, 1s subdivided. The same “comments apply. 
ee a In general ret er to the chemical Hla A A eee 
= Impulse | co , oe 
cote oie As. not necessary 20, file articles” ‘under Tmpulie if ‘they. 
have received impulse tests. The term impulse eure be. 
epee a Only when it is greatly of importance. 
. A list of standard circuit voltages is available: If the © 
- equipment has a KV rating, it should be filed under the ; 
7 mae: value. 3 chorea. 
A list of KVA ranges is available. If the equipment has a 
 KVA rating it should be filed under the pichnabct cite bracket. 
a Use the card Ta ontning Arrester ouien applicable. es Seder od 
Meter inc 
Use Measurement . 
O11 


ee Use ihe term Oil only when it is the oil itself that is | 
@ —  Amportant. If a routine test is made in 011 do not include 
a Oil. as one of the file terms. . | eee ee 


a4 Liograph ee es 2 eas ee a ee a 
Use O8¢11loscope when filing. i hes ee 


| Radio Noise ; = 7 ee eae ey 
“Use RI or RIV. RI = Radio Interference and refers to the | ae 
Notse heard ina radio or to the reading of a radio noise meter =| 
when the signal is being picked up on the antenna. RIV = x 
Radio Influence Voltage and refers to the reading of a noise 
meter when it is connnected to the test piece through a 
pe coupling capacitor. Most of our measurements are RIV measure — 
ments. | : ae | 


Bparkoper 
Use the term Flashover hen: filing. 


. Sulphur Hexaflouride 
a Use 7 CES Teo 


Maat | | 
The term Test need ‘not ordinarily be used, partiectartly i. 
it occurs in a title such as "Impulse Tests on Such -and - -such™. 


A @ a Transformer : 
ww This term must be used sparingly since practically anything 
ae could be filed under transformers. 


ETP ya. 
besa’ 
pat 
tie 
rad 
Me 


S aE” 


2B sae 


Pe ltace 
Use Voltage Distribution where sid are allele 


Volt 


Use Wye 


Use either Voltage or Volt -Time where applicable. 


FIGURE 1 


BF, A. Fisher 


August 25, 1959 


UNITERM INDEX FILE » 


th) 


AC ~ (Use alternating current) 
ACCEPTANCE 

ACCESSORIES 

ACSR 

| ADAPTERS 

AEG 

AEP American Electric Power Service Corp, 
AEROSOL 

AGING OR AGED 

AIR (See Gas ~ Air) 

ATRCRAFT 

ALLIS CHALMERS 

ALTERNATING CURRENT 

ALTITUDE 

ALUMINUM 


ALUMINUM ASSOCIATION 


AMERICAN ELECTRIC POWER 


(A) Continued 


AMMETER 

AMPHENOL CORP. 

AMPLIFIERS 

ANALOGUE 

ANALYSIS 

ANODE 

ANTENNA 

APPLICATION 

APPLIED 

ARC 

ARCOVER +{Use the term flashover — 
when filing) ae 

AREA 

ARRESTERS = (See separate card for 

Lightning Arrester) 
ASPHALT 


ATMOSPHERIC 


ATTENUATION 


ATTENUATORS 


ASBESTOS 


AUSTRALTA 
AUTOMATIC 
AUTOTRANSFORMER 


AVALANCHE 


BAKELITE 


BALL 

BANDWIDTH 

BAR 

BAROMETER 

BARREL (If usalin connection with types 
of ‘winding, see Layer. ) 

BARRIERS : 

BASIC INSULATION LEVEL - Use BIL-kv 

BATTERIES 

BAYONET 

BEAM 

BELL TELEPHONE COMPANY 


BIAS 


BIBLIOGRAPHIES 
BIFURCATED 
BIL + 45 
BIL ~ 60 
BIL = 75 
BIL = 95 
BIL + 110 
BIL - 150 
BIL = 200 
BIL + 250 
BIL - 350 
BIL ~ 450 
BIL ~ 550 
BIL - 650 
BIL ~ 750 
BIL - 625 
BIL + 900. 
BIL = 1050 


BIL = 1175 - 


BIL ~ 1350 


BIL + 1425 


BIL ~ 2050 

BINARY 

BLACK BOX | 

BONNEVILLE POWER ADMINISTRATION 

BOTTOM 

BOYS 

BPA 

BRASS 

BRASH: 

BREAK 

BREAKDOWN (Use when phenomena of 
breakdown ig involved.) | 

BREAKERS 


BRIDGE 


BROWN BOVERI COMPANY 
BUFFER 


BUILDINGS 


‘BUREAU OF RECLAMATION 


BUSHINGS (Subdivisions are on 


following cards. ) 


BUSHING + TYPE A 


BUSHING - TYPE F 
BUSHING - TYPE LC 
BUSHINGS - TYPE TBI 
BUSHINGS - TYPE U 
BVC | 


BUSS-WORK 


BUSWAYS 


CABLES 

CALCULATIONS 

CALCULATORS ~ See Computers 
CALIBRATION 


CAMBRIC 


» (0) Continued ae 


CAMERA 
CANADIAN GENERAL ELECTRIC CO, 
CAP 

CAPACITANCE 

CAPACITORS 

CARBON 

CARBON TETRACHLORIDE 

CARE 

CARRIER 

CASCADE 

CASE 

CATALOG 


CATHODE 


CATHODE RAY 
CERAMIC 
CHANGE 


CHANGER 


CHARACTERISTICS 
CHARGE 

CHART 

CHOKE 


CHOP 


CHOPPED WAVE (Use this term only when 


the type of test is 


: significant. ) 
CIGRE 
CIRCUITS 
CIRCULATION 
CLAMPS 


, G) Gontin ed. a 


CHIPPING 

CLOTH 

CLOUDS 

COATING 

COAXTAL 

CODE 

COILS (In general use the term windings) 

COMMON 

COMPENSATION 

COMPONENTS 

COMPOUNDS 

COMPUTERS 

CONCENTRIC - 

CONCRETE 

CONDENSER (Use capacitor) _ 

CONDITIONING : 

CONDUCTORS (In general bopeniat this 

term to transmission line 

| conductors, ) 

CONDUIT 

CONSTANT 

CONSOLIDATED EDISON 

CONTACT 

CONTAGTOR 

CONTAMINATION 

CONTINUOUS 

CONTROL 

CONVERSION 

CONVERTERS 


(C) Continued | | 


COORDINATION 

COPPER. 

CORE 

CORNELL-DUBLILIER CO 

CORNING GLASS CO, 

CORONA 

CORRECTIONS 

COULOMBS 

COUNTER 

GOUNTERPOISE 

COUPLINGS 

COVERS 

CRATER 

CREEPAGE 

- OREPE 

CREST 

CRITICAL (Use only the term flashover 
when filing information on 
eritical flashover, ) 

CROSSOVERS 

CRYSTAL 

CUP 

CURRENT 

CURTISS-WRIGHT CORPORATION 

OURVE | 

CUTOUTS 

CYANOETHYLATED 

CYLINDERS 


DAMPING 


D.C, » Use Direct Current — 


DECIBEL 

DECIMAL 

DEFLECTION 

DELAY 

DELTA 

DELTA STAR ELECTRIC 60, 
DEMONSTRATION 

DENSITY 

DESERT 

DESIGN 


_ DETECTION 


DETECTORS 


DEVELOP 


DEVELOPER 
DEVELOPMENT 
DEVELOPMENTAL 
DEVICR ok 
DIAGRAMS 
DIELECTRIC 
DIFFERENTIAL 
DIGITAL 

DIODE 

DIRECT CURRENT 
DIRECT VOLTAGE 
DISCHARGE 


DISSIPATION 


DISTANCE 
DISTORTION 


DISTRIBUTION ~(Where applicable Use 
voltage distribution) 


DISTURBANCE 
DIVERTERS 
DIVIDERS 
DROP 
DUCT 
DURABUTE 


a E 
EBASCO SERVICE INCORPORATED 
EDUCATION 

EFFECT 

EHV PROJECT. 

ELECTRET 

ELECTRICAL 

ELECTRICITY 

ELECTRODE 

ELECTRODYNAMIG 
ELECTROMAGNETIC 

ELECTRONIC — 

ELECTROSTATIC 

EMPIRE DEVICES CORP. 

ENAMEL 

END 


ENGINEERING 


EPOXY 

EQUALIZERS 

EQUATION ~(Use Formula) 
EQUIPMENT 


ERRORS 
ES-7 
ET-7 
ES-9 
ET=9 


EXPERIMENTAL (In general use the term 
developmental ) 


EXPLOSIVE — 
EXPULSION — 


FACTOR, 
FAIL 
YELLOWTAIL DAM 
FATLURE 
FARADAY 
FAULT 
FELT 
FIBER 
FIBERGLAS 
FIELD 
FIGURE 
PILING 


FIIM 


FILTER 

FITTING 

FLANGE. 
FLASHOVER 
FLUORINE 

FLUID 

FLUX 

FOAM 

FOCUS 

FOG 

FOLLOW 

FOOTING 

FORCE 

FORMEX 

FORMS 

FORMULA 

FOUR HUNDRED TWENTY CYCLE - 420 
FOURIER 
FREQUENCY 
FREQUENCY - 180 
FREQUENCY + 420 
FRONT 
FRONT--OF“WAVE (Use Steep-Front) 
FUNCTION 
FURNACE 


FROST 
FUSE 


GALVANOMETER 


GAP (Subdivisions are on following cards) 

GAP ~ ARRESTER 

GAP ~ BALL 

GAP » GLAMP-TO-PLANE 

GAP » ROD 

GAP « ROD=-TO=PLANE 

GAP = ROGOWSKI 

GAP = SPHERE 

GAS « (Subdivisions are on following 
cards ) | 

GAS - AIR 

GAS = O3Fg 

GAS = No 

GAS = Si. 

GASKET 

GENERAL RADIO GO, 

GENERATOR 

GEOMETRY 

GERMANIUM 

GLASS 

GLYCERINE 

GLYPTOL 

GRADIENT 

GRADING 

GRAPHITE 

GREASE 


@ GRID 
GROUND 
GUIDES 


GUY 


HELICAL 
HELIUM - (See Gas = H,) 
HEMISPHERE 


& HERKOLITE 
HIGH 
HIPOT 
HOLE 
HOLYOKE 
HORN 
HOSE 
HOUSINGS 
HULL. 
HUMIDITY 
HYDROGEN = (See Gas = Hp) 
HYSTERISIS 


HYTEN-CAVALLIUS 


IBM 


IMPEDANCE 
IMPREGNAT ION 


~ IMPULSE 


INDEX 
INDICATOR 
INDUCE 
INDUCTANCE 
INDUCTION 
INFLUENCE 
INHIBIT 
INHIBITED 
INITIAL 
INITIATION 
INPUT 
INSERTS 
INSTRUMENT 
INSULATION 
INSULATING 
INSULATORS 
INTERGRAL 
INTERLOCK 
INTERMEDIATE 
INTERNAL 
INTERNATIONAL GENERAL ELECTRIC CO, 
INVERSE 


INVESTIGATION 


TONIZATION 
TRON 
IRRADIATION 
ISOLATED 


JACKS 


JOINTS 
JUNCTION 


KEN OTRON 


KERR CELL 
KLYDONOGRAPH 
KRAFT. 

RRAFTBOARD 

KV ~ 0.6 

my = 2.4 

KV 4,8 

KV ~ 5 

KV = €.32 

KV « 8.66 and 9 KV 
Ve 
KV - 15 
RV ~ 23 
RV ~ 26 
KV ~ 34.9 


KV = 46 
KV = 69 


KV - 73 
KV ~ 92 
KV - 100 
KV = 115 
KV - 120 
KV- 132 
KV = 138 
KV = 161 
KV = 180 


KV- 196 


KV = 230 
KV = 329 
KV = 330 


RV = 325 


RV = 460 
KV + 500 
KV = 515 
KV = 600 
KV ~ 700 


KVA = (0=500) 

KVA » (500 += 5500) 

KVA = (5500 + 13,000) 
KVA = (11,000 +~ 22,000) 
KVA © (22,000 +e 45,000) 
KVA = (45,000 +» 90,000) 


KVA = (90,000 += 180,000) 


KVA ~ (180,000 +~ 360,000) 


KVA «= Above 360,000 


| (1) 
LABORATORY 
LAMINATE 
LAMPS 
LAPP INSULATOR CO. 
LAYER 
LAYER WINDING 
( tman 
LEAK. 

LEAKAGE 

LENS 

LIBRARY 
LICHTENBERG — 
LIGHT 


LIGHTNING - (See separate ecard for 
lightning arrester) 


LIGHTNING ARRESTER=(Subdivisons are 
on following cards) 


LIGHTNING ARRESTERS = FORM 3K 
LIGHTNING ARRESTER + Deion ihe 
LIGHTNING ARRESTERS = FORM H 
LIGHINING ARRESTERS = MAGNAVALVE 
LINE 

TAMPA ELECTRIC COMPANY 
LINE=IN+-CENTER 

LINE MATERIAT, CORPORATION 


| 
MATRIX, . 
| 


| (LL) Continued | 
LINK | 

LIQUID 

LOAD 

LOCKE INSULATOR DEPT, (or Company) 
LOSS 

LOW 

LRT, LTC, LRC 

LUCITE | 


MAGNE~BLAST 
MAGNETIC 

MAGNETS — 

MAIN 

MALONEY ELECTRIC COMPANY 

MANILA 

MAST 

MATCHING | 
MATERIALS | 
MATHEMATICS 


MEASUREMENT 
MECHANICAL 
MELALAST 
MERCURY 
METAL 
METER | 
METERING = (Use measurement) 


\ 


Me THANE 

METHOD 

MICA 

MICALEX | 
MICARTA 
MICROSECOND 
MICROSWITCH 
MILLIMICROSECOND 
MINING 


MISSILE SITE 
MIXTURES 
MLH-32 

MODEL, 
MOISTURE 
MOLDED 
MULTIPLE 
MYLAR 


NATURAL 


NEEDLE 

NEON: 

NEUTRAL 

NITROGEN - (See Gag ~ No) 
NOISE 

NOMOG RAM 

NON-DESTRUCT WE ANALYZER 


NOZZLE 


NUMERICAL 
NYLON 


OIL 


OI, BOX 

OHTO BRASS 

ORLON 

OSCILLATIONS 

OSCILLATOR 

OSCILLOGRAM 

OSCILLOGRAPH - (Use Oscilloscope) 
OSC TLLOSCOPE 

OUTAGE 

OXIDE 

OVEC (Ohio Valley Electric Corp, ) 


PAD 


PAINT 
PAPER 
PANEL 
PARAFFIN 
PARALLEL 
PARTIAL 
PATH 


PEDESTAL 


PELLET 


PENNSYLVANIA ELECTRIC COMPANY 
PENNSYLVANIA TRANSFORMER CO, 


PERMALT 
PERMITIVITY 


PETERSON COIL 
PGE (Pacific Gas & Electric Co,) 


PHASE 
PHENOMENA 
PHOTO 


PHOTOELECTRIC 


PHOTOGRAPH 
PHOTOGRAPHY 
PICKUP 

PIN 

PLANE 
PLASTIC 
PLATE 

PLOT 
PLEXIGLAS 
POINT 
POLARITY 
POLE 
POLYETHYLENE 
POLYURETHANE 
PORCELAIN 


POTENTIAL 
POTENTIOMETER 


- POTHEAD 


POWER 

PRECIPITATOR 
PRESSBOARD 
PRESSURE 

PRINTS 

PROBES 

PROGRAMS 

PROGRESS 
PROPELLERS 
PROTECTION 
PROTECTIVE 
PROTOTYPE 

PUBLIC SERVICE ELECTRIC & GAS (N.J,) 
PULP 

PULSE (Use Impulse) 
PULSER 

PUNCTURE 

PYRANOL 

PYREX 


QUARTZ 


ioe 


RADAR 
RADIATION 


RADIATOR 

~ RADIO 

RADIO NOISE ~ (See RI ~ Radio Inter- 
: ,. ference 
or RIV Radio Influence 

Voltage 

RAILWAY 

RAIN 

RAMP 

RATIO 

RAY 

REACTANCE 

REACTOR 

RECEIVER 

RECLOSER 

RECORDER 

RECTIFIER 

REFLECTION 

REGULATOR 

RELAY 

REPORTS 

RESCON 

RESEARCH 

RESIN 

RESISTANCE 

RESISTORS 

RESONANCE 


RESPONSE 

RI = Radia Interference 

RIB 

RIBBON 

RING 

RISE TIME 

RIVETS 

RIV = Radio Influence Voltage 


ROCKS 
ROD 

ROGOWSKI = See Gap ~ Rogowski 
ROLL=OUT~THE~ BARRELL (Winding) 
ROPE - 


- ROTATION 


ROUND 
RUBBER 
RUN 


SAND 


SATURATION 
SCHLTEREN 
SCHOOPING 
SECONDARY 
SECTION 


ety 
ES ee 
SELECTIVE 
SELECTOR 
SELENIUM 
SELT 
SEMICONDUCTOR 
SENSITIVITY 
SERIES 


SESL - (Straight End ~ 
| Straight Layer) 


SHAFT 

SHARP 

SHEET 

SHELL 
SHIELD 
SHOCK 

SHORT CIRCULT 
SHUNT 
SIGNAT, 
SILICON 
SILKO 
SIMULATION 
SIXTY «CYCLE 
SLEEVE 

SLIT 

SLOPE 

SMOKE 

SOFT 

SOLID 
SOLUTIONS 


SOMERSWORTH 


SPACER 
SPACING 
SPARK 


SPARKOVER - (Use the term flaghover 
when filing) 


SPECTRUM 


SPHERE 


SPINNING 
SPRING 
STABILITY 
STACK 
STAINLESS 
STANDARD 
STATIC 
STATISTICS 
STATION 
STRALITE 
STEAM 

STEEL 

STEEP 
STEEP-FRONT 
STEP 


STORM 


STRAND 
STRAPS 
STRENGTH 
STRESSES 
STROKE 


o" ~ 15 « | 
__(8) continued eu) Continued | 
© STRIKE TEFLON — eo 
STRING TEKTRONIX CORPORATION : a 
STROKE TEINOGRAPH ie : 
STRUCTURES TELEPHONE Lo : : 
STUD | TELEVISION | 
STUDY TEMPERATURES : 
STYRENE - TEMPLATE | 
SUBSTATION TENNESSEE VALLEY AUTHORITY (TVA) eg 
SULPHUR HEXAFLUORIDE (SFg) See Gas Sig TERMINAL | 
SUPPLY ‘TERMINATION 
SUPPORT TESLA 
SURFACE TEST 
SURGE PESTER 
SUSPENSION TESTING 
SWEEP , TEXAS ELECTRIC SERVICE CO, 
SWITCH ( or Sritehgear) TEXTILE 
SWITCHING SURGE TEXTOLITE 
SYNCHRONIZE | THEORY 
SYSTEM THERMAL 
i THREE-PHASE 
ee (Te THUNDERSTORM 
TABLE a : THYRATRON 
TANK THYRITE 
TAP , | | TIME 
TAPE TIMER 
TAPERED — TIN 
TECHNIQUE TOP 


3 _(T) Continued | 


TOROIDS 

TOWER 

TRANSDUCER 
TRANSFER 
TRANSFORMER 
TRANSIENT 
TRANSIENT ANALYZER 
TRANSISTOR 
TRANSMISSION 
TRANSMITTER 

TRAP 

TRAVELING 

TREAT (Use Treatment) 
TREATMENT 

TREE 

TRIGGER 

TUBE 

TUNNEL 


oe ) 
UHF (ULTRA HIGH FREQUENCY) 


ULTRASONIC 
ULTRAVIOLET | 
UNIT 
UNTTERM 
UPRATING. 


VACUUM 


VAPOR 
VARIABLE 
VARNISH 

VDE 

VECTOR 
VIBRATION 
VISUAL 

VOLTAGE 

VOLTAGE DISTRIBUTION 
VOLTMETER 
VOLT-TIME 


cee SAE pS a 


WATER 


WATTAGE 

WATTHOUR 

WAVE 

WEDGE 
WESTINGHOUSE COMPANY 
WHEEL. 

WET 

WINDING 

WIRE 

WIRELESS 


WIRING 


WITHSTAND 


W) Continued 


(Ri) GED tad wey gay Gay <a Ge Ga te 


ZERO 


ZINC 


